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EASTERN  PISTRICT  OF  PENNSYLVANIA,  to  wii : 

BE  IT  RorsMBSRED,  that  on  the  twenty-eighth  day  of  April,  in  the  fiftieth  ynui- 
of  the  independence  of  the  United  Sutes  of  America,  A.  U.  182G,  H.  C.  Cabet 
&  I.  l^SA  of  the  said  district,  hare  deposited  in  this  office  the  title  of  a  book,  the  right 
whereof  they  claim  as  proprietora,  in  the  words  following,  to  wit : 

«  Tlic  OperatiTe  Mechanic,  and  British  Machinist ;  being  a  practical  display  of  the 
Manuiactories  and  Mechanical  Arts  of  the  United  Kin^om.  By  Jolm  Nicholson, 
Esq.  Civil  Engineer.  First  American  from  the  second  London  edition,  with  addi- 
tions.   In  two  volumes." 

In  conformity  to  the  act  of  the  congress  of  the  United  States,  intituled  '<  An  act 
for  the  encouragement  of  learning,  by  securing  the  copies  of  maps,  charts,  and  books, 
to  the  autliors  and  proprietors  of  such  copies,  during  the  times  therein  mentioned.** 
—And  also  to  the  act,  entitled,  "  An  act  supplementary  to  an  act  entitled  *  An  net  for 
the  encouragement  of  learning,  by  securing  the  copies  of  maps,  charts,  and  books, 
to  the  authors  and  proprietors  of  such  copies  during  the  times  therein  mentioned,'  and 
extending  the  benefits  thereof  to  the  art  of  designing,  engraving,  and  etching  histo- 
rical and  other  prints." 

D.  CALDW  ELL, 
Clerk  of  the  Eastern  District  of  Pennsylvania. 
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ADVERTISEMENT. 

The  publishers  sutimit  this  first  American  edition  of 
Sr.  Nicholson's  very  valuable  work,  with  the  hope 
tliAt  it  will  be  fouuJ  verj  superior  to  the  London  edi< 
tion.  Contiderable  additiona  have  been  made  to  the 
text,  uid  ten  new  plates  bave  been  inserted.  In  tbe 
libadim  edition  there  were  muDerons  errors  in  the 
referenoes  from  the  text  to  the  plates,  aU  of  irhich  it 
is  believed  will  be  found  to  be  corrected  in  this  edi- 
tion, in  which  have  also  been  added  references  from 
the  plates  to  the  text,  an  addition  which  will  be  ap- 
preciated by  all  who  have  freqaent  occasitm  to  consnlt 
the  work. 


Philadelphia,  July  i,  18S6. 
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TO 

ft 

GEORGE  BIRKBEGK,  Es«.  M.  D. 

rUBSIDBNT  or  THS  LOHDON  BfSCSAMICS'  XNSTITtmOir> 

I 

4^  ^c*  9^ 
Sib, 

In  an  age  like  the  presenti  when  the  rich  and  the 
powerful  identify  their  interests  with  the  welfiure  of  the 
poor  and  nninformed,  when  the  irise  and  the  good  coai* 
bine  in  fhrthering  the  difRision  pf  sound  principles  and 
nsefiil  knowledge  among  those*  who  constitute  the  most 
important^  though  hitherto  the  most  neglected,  portion  of 
the  community,  there  is  not  one  who  can  view  the  future 
in  the  past  but  must  anticipate  with  such  data  before 
him,  a  change  as  brilliant  in  its  effects^  as  it  is  honour- 
able to  those  who  are  engaged  in  promoting  it 

The  advanced  state  of  science,  and  the  comprehen- 
sive views  of  a  just  add  liberal  philosophy,  animate  those 
who  for  many  years  have  compared  theory  with  practice 
to  come  forward  in  the  hope  of  being  able  to  offer  some- 
thing in  aid  of  the  common  cause. 

Such  feelings,  Sir,  have  encouraged  me  to  publish  the 
following  pages,  which,  as  an  earnest  of  tbeir  future  suc- 
cess, I  am  permitted  to  dedicate  to  yourself. 


IV  -  DEDICATION. 

A  Work  of  this  kiod^  combining  in  the  most  condensed 
form  the  acknowledged  principles  and  recent  improve- 
ments in  Mechanical  Science^  and  professing  to  be  adapt- 
ed in  every  possible  way  to  the  use  of  the  Mechanic  and 
Machinist^  could  not  well  find  a  Patron  more  congenial 
to  its  Spirit  than  one^  who,  daring  a  long  series  of  years^ 
has  laboured  with  no  common  devotion  in  promoting 
their  benefit 


1  am. 


Stf, 


Your  most  obedient,  and 

much  obliged  humble  Servant 
JOHN  laCHOLSON. 


PREFACE. 


Thb  'difcoforiAS  of  Watt  and  Arkwkight^  which 
yieMed  at  ODce  Boch  infmeoBe  national  aa  well  aa  indin- 
dnal  proaperityy  moat  ever  be  regarded  as  forming  a  new 
era  in  the  arts  of  life  and  the  domestic  policy  of  nations. 
The  riches^  extraordinary  as  nnprecedented,  inexhaas- 
tible  as  unexpected^  thns  acquired  by  a  skilful  system  of 
aechaidcal  arrangement  for  the  reduction  of  labonr^  gave 
the  impetus  which  has  led  to -the  numerous  discoveries^ 
inventions,  and  improvemeutsy  in  every  department  of 
our  manufactures^  and  nised  them  to  their  presdht  state 
of  perfection.  - 

With  respect  to  our  primary  and  most  elaborate  pieces 
of  mechanismy  however  intricate  and  incomprehensible 
they  may  appear  to  the  inexperienced^  they  are  in  the 
eye  of  the  practical  man  mere  elegant  modifications  and 
combinations  of  a  few  simple  principles.  These  princi- 
ples^ after  some  necessary  observations  on  the  Forces 
acting  on  Matter,  on  Friction,  and  the  Centre  of  Gravity, 
are  folly  elucidated  in  the  account  of  ^^  The  Mechani- 
cal Powers.^' 

These  are  followed  by  what  is  indispensably  necessary 
to  the  proper  construction  of  Mill- work,  viz.  a  descrip- 
tion of  Bevel  and  Spur  Geer,  the  longitudinal  connec- 
tion of  Shafts,  termed  Gouplikg,  the  most  approved 
method  of  Disengaging  and  re-engaging  machinery, 
and  of  the  Equalization  of  Motjion,  with  some  general 


VI       .  PREFACE* 

Practical  Observations^  given  under  the  article  ^^  Mill 
Oeering.^^ 

The  reader  who  attentively  pemses  these  articles  will 
be  in  possession  of  the  primary  points  of  Mill-work  ; 
we  have^  therefore^  next  introduced  to  his  notice^  under 
Anihal  Strength^  Water,  Wind,  and  Steam,  the 
best  modes  of  applying  the  Moving  Powers  ;  and  to 
them  is  annexed  a  short,  though  concise,  account  of 
Brown^s  Vacuum  or  Pneumatic  Enginey  which  may 
with  improvements,  be  made  most  effective  for  locomo- 
tion and  other  light  purposes. 

As  the  reduction  of  wheat  into  flour  forms  so  essential 
a  part  of  domestic  oeconomy,  and  as  the  force  which 
gives  a  rotatory  motion  to  the  upper  mill-stone  is  almost 
invariably  imparted  either  by  wind  or  water,  we  have 
thought  it  no  deviation  from  scientiflc  arrangement,  to 
introduce  at  the  end  of  these  two  articles  a  description 
of  a  Flour-mill  ;  as,  by  that  means,  the  reader  will 
be  enabled  to  form  a  tolerably  correct  notion  of  the  man- 
ner of  imparting  motion  from  the  water-wheel,  or  leaden 
to  the  other  parts  of  machinery.  And  while  upon  this 
subject  we  have,  with  a  view  to  make  the  Work  gene- 
rally useful,  described  the  hand  and  foot  methods  of 
grinding  corn,  that  those  who  live  not  in  the  vicinity  of  a 
mill,  or  who  do  not  choose  to  submit  to  the  impositions 
said  to  be  practised  by  many  millers,  may,  at  a  compa« 
ratively  trifling  expense,  have  (be  work  performed  at 
home. 

A  knowledge  of  the  strength  of  materials  being 
at  all  times  important  in  the  construction  of  Mill-work^ 
more  particularly  in  those  parts  which  have  to  sustain 
the  greatest  force,  or  put  the  whole  of  the  other  parts  of 
the  machinery  in  motion,  we  have,  next  to  the  Moving 


PREFACE.  Vii 

Powers^  inserted  a  letter  from  Mr.  Rennie,  jan.  to  Dr. 
YouNGy  (lescribiDg  a  series  of  very  satisfactory  experi- 
ments made  on  this  subject 

A  description  of  Hydraulic  Engines  next  follows ; 
and  these  are  succeeded  by  certain  Simple  Machines 
acting  as  accessories  to  our  manufactures.  So  that^  by 
the  time  the  reader  has  advanced  thus  far^  he  will  have 
become  so  thoroughly  intimate  with  machinery,  as  easily 
to  comprehend  and  appreciate  the  several  excellencies  of 
onr  Staple  Manufactures^  which  are  next  unfolded 
to  his  view. 

The  whole  was  intended  to  be  concluded  with  an  ex- 
amination of  those  arts  termed  Manual,  in  a  Treatise 
on  the  Art  of  Building;  except,  indeed,  with  the 
addition  of  an  Appendix,  containing  a  short  and  concise 
treatise  on  Practical  Geometry  and  Mensuration, 
with  a  Collection  of  approved  Receipts,  and  a  Glos- 
sary ;  but  the  interest  which  has  lately  been  excited  re- 
specting Railways  and  Locomotive  Engines  has  led 
to  the  extension  of  the  Work,  about  thirty  pages,  with 
an  article  on  those  constructions. 

Although  there  are  several  very  excellent  treatises  on 
Mechanics  and  Mill- work  now  extant,  yet,  presuming 
on  an  arrangement  widely  different  to  that  of  others,  by 
which  the  least  erudite  and  most  inexperienced  may  ac- 
quire something  more  than  a  mere  Superficial  Knowledge 
of  Machinery,  the  Author  trusts  that  the  following  pages 
will  meet  with  a  favourable  reception. 

In  the  course  of  his  labours  he  has  derived  material 
assistance  from  many  of  his  scientific  friends,  to  whom  he 
thus  publicly  expresses  his  acknowledgments;  and  more 
particularly  to  that  Gentleman  to  whom  the  volume  In 
dedicated. 


VUl  PREFACE. 

Id  a  Work  of  sach  a  nature  it  is  generally  understood 
that  extracts  are  justified ^  as  tlie  description  of  many 
things  not  new  are  requisite^  and  the  language  could  not 
in  general  be  improved.  In  such  cases,  however,  the 
authority  has,  in  general,  been  acknowledged,  and  in  a 
way  calculated  to  advance  the  honour  and  interest  of 
every  improver  and  discoverer. 

The  volume  in  its  design  and  execution  is  offered  as 
a  companion  to  the  workshop,  consequently  abstract 
and  theoretical  principles  have  been  allowed  to  mingle 
no  furtlier  than  has  been  indispensably  necessary  to  the 
perfect  illustration  of  the  use  and  application  of  the 
object  described.  The  Work  has,  therefore,  no  similar 
rity  to  the  Mathematical  Illustrations  of  Wood,  Gre- 
gory, or  Emerson,  each  of  which,  and  more  particularly 
that  of  Dr.  Olinthus  Gregory,  deserves  to  be  spoken 
of  with  great  respect. 

A  Book  comprehensive  and  practical,  embracing  the 
whole  subject  as  living  and  contemporaneous,  and  as 
connected  with  private  profit  and  public  glory,  instruc- 
tive to  individuals  and  illustrative  of  the  genius  of  the 
age  in  its  best  direction,  has  been  the  object  of  the 
Author,  and  he  hopes  he  has  not  laboured  in  vain. 

London, 
March  ^  1825. 
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DESCRimON"  OF  THE  FRONTISPIECE. 


This  Plate  representa  a  frcmt  view  of  a  Steam-engine  con- 
aected  with  a  Sugar-MiU,  as  conatructed  by  Mesan.  Taylor 
aad  Martincau,  who  have  kindly  permitted  our  dnftaman  to 
Bake  a  drawing  of  it. 

This  Eajpne,  being  only  twelve  times  larger  than  the  draw- 
ing, is,  from  its  compactness  and  simplici^  of  conttruction, 
pecuUariy  applicable  to  most  of  the  inaauuctUTes  round  the 
metropolis,  where  power  of  a  moderate  amount  is  in  general 
required. 

It  works  horizontally,  at  from  30  to  40  lbs.  pressure  per 
square  inch,  without  condenser,  having  metallic  pistons  and 
ibde-valves,  and  only  requires  eight  screw-bolts  to  fasten  it 
to  oak  sleepers,  or  ^me-work  of  moderate  scantling. 

A  ii  >  cnuilc  coniMCted  with  the  piiton-rod,  which,  w  it  work*  ia  the  cf  Un- 
der horizonUlly,  cannot  be  usta.  B  ii  the  cjlindcT,  into  which  tteun  i*  ad- 
mitted from  the  boiler,  br  meona  of  the  pipe  C  C  C.  The  amount  of  itesm 
Sowing  into  the  cylinder  la  rerulated  bj  the  throttle  Tklre  at  D,  which  ii  open- 
ed and  shut  at  proper  interr^  by  the  rod  E  E  E.  P  F  i»  the  governor,  or 
regulator,  consisting  of  two  heavy  balls,  with  the  sliding  collar  a,  suspended 
from  the  top  of  a  vertical  spindle  64  at  the  aiis  <;.  This  spindle  is  connected 
with  the  main  shaft,  by  a  strap  passing  over  the  aheeves  or  pullies,  G  G  G, 
which  cause  it  lo  revolve;  and  as  its  speed  varies  with  that  of  the  main  shaft, 
the  guvernors  F  F,  according  ai  its  speed  increases  or  decreases,  have  a  ten- 
dency either  to  t)y  from,  or  approach  to,  the  spindle.  This  rise  or  depression 
of  the  governor  affects  the  rod  E  E  E,  to  which  it  is  connected,  and  regulates 
the  quantity  of  steam  flowing  from  the  boiler  into  the  cylinder. 

H  IS  a  piece  to  connect  the  top  part  of  the  piston.rod  with  the  rod  I,  la 
that  by  the  motion  of  the  crank  the  rod  I  is  also  moved,  which  rod  movcB  the 
slide  valves  in  the  cylinder  K.  By  the  action  of  these  valves,  steam  is  alter- 
nately admitted  on  the  opposite  sides  of  t)ie  piston;  and  as  the  engine  does 
not  condense  its  steam,  there  are  two  pipes,  placed  one  at  each  end  of  the 
cylinder,  to  carry  it  off.  One  of  these  pipes  is  seen  at  N.  When  thcpistoo 
has  been  driven  by  the  force  of  the  steam  to  the  other  extremity  of  the  cylin- 
der, the  steam  by  the  action  of  the  slide  valves.  Is  shut  off  from  this  end,  and 
allowed  to  flow  into  the  opposite  end  of  the  cylinder;  the  orifice  of  the  pipe 
S  being  at  the  same  time  opened,  the  steam  at  this  end  is,  by  the  returning 
action  of  the  piston,  driven  through  the  pipe  N,  and  conveyed  away  under 
ground,  leaving  this  end  of  the  cylinder  ready  for  a  fresh  supply. 

The  power  generated  by  this  simple  arrangement  is  made  to  effect  the  re- 

rir«d  purpose  by  means  of  the  shafting  0  0  0.  On  this  shafUng,  at  a  little 
lance  from  the  engine,  is  an  eccentric,  L,  to  raise  the  rod  M,  to  pump  wa- 
ter into  the  boiler  when  required:  and  at  nearly  the  further  end  of  the  shaft- 
ing is  another  eccentric,  W,  which  imparts  motion  to  the  rod  V,  for  the  pur- 
pose which  we  ahall  hcresAer  detoibe. 
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The  rotatory  motion  which  the  crank  has  received  from  the  engine  is  im- 
parted to  the  shafting,  to  the  eccentric  L,  the  coupling-box  d,  the  fly-wheel 
P,  the  eccentric  W,  and  the  pinion  Q,  which  plays  in  the  lai^  cog-wheel, 
B,  on  the  shaft  S',  and  thence  is  imparted  to  the  rollers  of  a  sug^-mUl,  which 
rollers  are  moved  at  equal  speeds  by  the  pinions  U  U. 

In  this,  and  most  other  Sugar-mills,  there  are  three  rollers, 
two  at  the  bottom,  and  one  lying  between  the  other  two  at  the 
top.  Through  these  rollers  sugar-canes  are  passed,  and  the 
compressed  juice  falls  into  a  receiver,  from  whence  it  is  pump- 
ed, by  the  movement  of  the  rod  V,  into  a  copper,  or  other 
receiver.  At  that  part  of  the  shafting  marked  ee^  sufficient 
space  is  left  to  allow  of  play  when  the  canes  are  passed  through 
the  rollers,  otherwise  the  shafting  would  be  very  apt  to  snap 
and  be  destroyed. 


I  1 1^  I 
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B^Ms^K  NOTE  ENGRAVING. 

In  all  commercial  countries,  the  security  from  forgery  of 
bank  notes,  or  other  papers  of  importance,  is  obviously  of  the 
highest  consequence  in  many  points  of  view-  Whatever  may 
be  said  in  favour  of  the  best  system  of  laws  which  has  ever 
been  devised  to  prevent  the  forgery  of  bank  notes,  the  com- 
munity is  much  more  indebted  to  those  who  render  the  crime 
either  unprofitable^  or  mechanically  impracticable. 

One  of  the  most  important  securities  to  the  paper  curren- 
cy of  nearly  the  whole  commercial  world  at  the  present  time, 
arises  from  the  invention  of  transferring  engravings,  and  the 
work  produced  by  the  geometric  lathe  invented  by  Mr.  Asa 
Spencer,  while  a  resident  of  New  London,  in  the  state  of  Con- 
necticut. The  application  of  this  lathe-work  for  the  security  of 
bank  notes,  was  first  made  by  Messrs.  Murray,  Fairman  & 
Co.  of  Philadelphia,  in  the  year  1816,  and  from  its  great 
beauty  and  difficulty  of  imitation,  Mr.  Spencer  was  induced 
to  repair  to  England  in  the  year  1819,  for  the  purpose  of  se- 
curing the  paper  currency  of  that  country.  As  had  been  ex- 
pected, this  work  was  put  to  the  severest  test  which  the  com- 
bined talents  of  its  great  metropolis  could  invent,  and  having 
passed  this  trial  in  the  most  satisfactory  manner,  it  was  sub- 
sequently adopted  very  generally  by  the  banks  and  bunkers  of 
£ngland  and  Scotland. 

The  geometric  lathe  differs  very  materially  from  every 
other  turning  engine  hitherto  invented.  The  only  one  which 
has  any  similarity  in  the  work  produced,  is  the  rose  engine, 
but  that  is  only  capable  of  copying'  patterns  previously  made 
upon  *'*' guides  J  ^  while  the  geometric  lathe  forms  its  own  pat- 
terns, which  arc  all  ong'inals^  and  as  various  and  unlimited  as 
the  kaleidoscope. 

The  beauty  and  difficulty  of  imitating  this  work  by  any 
means  within  the  reach  of  counterfeiters,  will  be  apparent  on 
examining  the  specimen  plate,  which  exhibits  the  style  of  work 
to  be  encountered,  with  its  great  mathematical  accuracy  and 
delicacy,  combining,  as  it  does  with  the  aid  of  the  transferring 
process,  the  two  kinds  of  engraving  termed  copper-plate  and 
Tvood'cutj  which  it  is  well  known  require  to  be  executed  in  a 
manner  diametrically  opposite  to  produce  the  same  effect ;  for 
instance,  the  black  line  produced  by  the  incision  in  the  copper, 
would  produce  a  white  line  by  surface  printing  from  wood.  The 
ivhite  lines  can  only  be  produced  upon  copper  by  transferring 
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them  from  an  original  steel  die,  executed  with  great  difficul- 
ty even  by  the  inventor,  who  has  devoted  so  much  time  to  the 
subject,  and  who  is  in  fact  the  only  person  who  can  execute 
with  accuracy  the  most  difficult  combinations  of  black  and 
white  lines. 

The  impossibility  of  successfully  imitating  this  work  by  any 
process  ot  hand  work,  within  the  reach  of  the  whole  combined 
talent  of  counterfeiters,  will  not  be  doubted,  when  the  severe 
test  to  which  it  has  been  submitted  since  its  first  introduction 
into  use,  is  recollected,  and  even  supposing  any  combina- 
tion of  counterfeiters  to  be  in  possession  of  the  different  ma- 
chines and  appendages  necessary  to  eifect  their  object,  they 
would  soon  discover  that  the  time  which  would  be  requir- 
ed to  learn  the  use  of  these  implements  in  secret,  could  be 
much  more  profitably  employed  in  any  honest  occupation. 
The  only  certain  methods  of  depriving  counterfeiters  of  their 
occupation,  are  to  render  the  work  upon  bank  notes  either 
inimitable  or  unprofitable,  but  when  both  are  combined,  as  is 
now  done  by  the  aid  of  Mr.  Spencer,  connected  with  the 
combined  talent  of  Messrs.  Fairman,  Draper,  Underwood, 
&  Co.  the  object  is  satisfactorily  accomplished. 


THE 

OPERATIVE 


OF  THE  ACTION  OF  FORCES. 

ALL  matter  is  continually  under  the  operation  of  forces, 
which,  if  acting  upon  it  equally,  and  in  opposite  directions, 
maintain  it  in  a  state  of  rest.  But  if  a  newly  created  force 
act  upon  a  body  in  such  a  direction,  and  to  such  an 
extent,  as  to  overcome  the  forces  under  whose  action  that 
body,  in  common  with  all  other  matter,  exists,  the  result 
will  be  motion  communicated  to  that  body  ;  and  in  an 
exact  proportion  as  that  newly  created  force  exceeded  the 
amount  of  forces  that  were  previously  acting  upon  it  in  the 
opposite  direction.  For  example,  if  a  man  lift  a  pound 
weight  three  feet  from  the  ground,  the  amount  of  motion 
created  by  that  action  is  exactly  equal  to  the  amount  his 
newly  created  force  exceeded  the  force  of  gravity  or  weight 
which  acted  on  the  matter :  for  if  his  force  had  not  exceeded 
the  force  of  gravity,  it  is  manifest  that  that  motion  could  not 
have  been  created;  and  if  the  force  of  gravity  had  not  exist- 
ed, it  is  again  manifest  that  the  amount  of  motion  would  be 
exactly  in  proportion  to  the  amount  of  the  whole  of  the  force 
he  had  applied.  Again,  if  his  force  only  exactly  equalled, 
and  did  not  exceed  the  force  of  gravitation,  motion  could  not 
have  taken  place,  and  the  body  would  have  remained  at  rest. 

This  state  of  rest,  maintained  bv  the  contrarv  action  of 
two  equal  forces  upon  a  body,  is  called  equilibrium.  But 
the  term  equilibrium  is  most  commonly  applied  when  one 
or  more  bodies  are,  by  the  mere  force  of  gravitation,  main- 
tained in  a  state  of  quiescence,  or  rest :  thus,  if  a  bar  of 
iron,  AB,  fig.  1,  is  supported  at  its  centre  C,  it  will  balance, 
or  remain  horizontal,  as  the  quantity  of  matter  in  C  A  is 
exactly  equal  to  that  in  C  B,  and  the  amount  of  the  gravitating 
force  proportional  to  the  quantity  of  matter  that  is  in  each 
arm  of  the  bar :  likewise,  if  a  ball.  A,  fig.  2,  be  acted  upon 
by  a  force  at  B,  and  by  another  force,  exactly  equal,  at  C, 
the  ball  A  will  be  maintained  in  a  state  of  quiescence,  termed 
equilibrious. 


« • 
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a  THE  OP£UATIV£  MECHANIC 

In  the  common  operations  of  mechanics,  the  former 
iitatc  of  equilibrium  frequently  occurs ;  the  latter  rarely, 
and  never  with  any  permanent  duration;  by  the  term 
equilibrium,  therefore,  in  general,  is  understood,  the  posi- 
tion first  cited. 

Upon  duly  considering  that  matter,  when  between  forces 
acting  in  opposite  directions,  is  in  a  state  of  equilibrious 
quiescence,  it  will  be  manifest,  that  motion  cannot  be 
obtained  without  destroying  the  equilibrium.  It  must 
not  therefore  be  supposed,  that  the  forces  of  gravitation 
or  adhesive  attraction  can  produce  motion,  as  has  been 
erroneously  urged  by  some,  but  rather  that  all  the  mo- 
tion these  powers  are  capable  of  producing  was  primarily 
exerted  to  bring  matter  into  that  state  of  equilibrium  ia 
which  we  find  it.  Wherever  that  equilibrium  is  disturbed 
by  extraneous  causes,  the  resultant  motion,  attainable  by 
such  disturbance  of  the  general  equilibrium,  has  long  since 
been  known,  and  applied  to  useful  purposes.  We  may  with 
propriety,  therefore  deduce  from  these  considerations,  the 
perfect  fallacy  of  that  most  ruinous  and  speculative  notion  of 
a  perpetually  moving  force.  Many  who  have  wasted  their 
time  in  attempts  to  attain  that  object,  have  either  supposed 
that  the  force  of  gravitation  could  obtain  motion,  or  that 
motion  once  obtained  could  of  itself  increase  its  force;  which 
was  about  as  rational  as  to  suppose  that  any  substance  could 
of  itself  increase  its  own  bulk.  The  powers  with  which 
nature  has  supplied  us,  have,  as  far  as  we  are  aware  of, 
been  already  applied;  and  should  there  be  others  existing  of 
which  we  are  ignorant,  or  which  we  have  not  reduced  to  our 
command,  the  search  for,  and  developement  of  such  objects, 
are  praiseworthy  and  valuable :  but  let  us  with  confidence 
hope,  that  the  labours  of  ingenuity  will  no  longer  be  drawn 
aside  from  the  paths  of  prolific  study,  by  this  destructive 
phantasy. 

Returning  from  this  digression,  when  a  body  is  operated 
upon  by  a  force,  and  acquires  motion,  that  motion,  taking 
into  account  the  amount  of  space  through  which  the  bodj- 
passes  in  a  given  time,  is  called  the  velocity  of  the  body  ; 
and  according  as  the  extent  of  distance  increases  or  decreases 
in  a  greater  or  less  period  of  time,  the  velocity  is  said  to  in- 
crease or  decrease. 

If  a  force  acting  upon  any  body,  and  causing  motion, 
shall  continue  to  act  upon  it  in  the  same  direction,  so  as 
to  continue  to  increase  that  motion,  the  body,  under  such 
circumstances,  is  said  to  attain  accelerated  velocity.     And 
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AND  MACHINIST.  3 

if  a  body  be  put  in  motion  by  a  certain  force,  and  another 
force  operate  upon  it  in  a  contrary  direction,  so  as  to  tend 
to  bring  it  to  a  state  of  equilibrium,  such  motion  is  called 
retarded  motion.* 

*The  simplest  example  of  accelerated  motion,   is    exhibited    in    the 
action   of  the  force   of  gp^vitation  upon  a  falling  body,  where  the  force 
continues  to  act  during'  its  descent,  and  reg^ariy  increases  in  velocity; 
so  that  if  a  body  A,  ^g.  3,  be  allowed  to  fall  from  that  position  towards 
the  earth,   it  will  pass  through  sixteen  feet   during  the  first  second  of 
time,  forty-eight  feet  during  the  next,  and  eighty  feet  during  the  third. 
Had  its  motion  been  regular  during  these  three  seconds  of  time,  it  would 
haTe  passed  through  only  three  times  sixteen,  or  forty-eight  feet,  whereas 
it  has  passed  through  one  hundred  and  forty-four  feet,  by  reason  of  the 
force  which  first  caused  its  motion  continuing'  to  act  upon  it.    Now  as 
its  Telocity  increases  rejrularly,   we  may  conclude,  that  during  the  per- 
formance of  the  first  half  of  the  sixteen  feet,  it  was  not  proceeding  at  the 
rate  of  sixteen  feet  per  second;  and  if  we  suppose  it  was  proceeding 
only  at  half  that  velocity,  then  it  must  have  trav-lled  through  the  second 
half  at  the  rate  of  thirty-two  feet  per  second;  or,   if  the  first   eight  feet 
took  three  quarters  of  the  second,  the  second  eight  feet  must  have  been 
performed  in  the  remaining  quarter,  therefore,  when  the  body  arrived  at 
B,  it  would  be  proceeding  at  the  rate  of  thirty-two  feet  per  second;  to  which, 
if  we  add  the  force  that  continues  to  uige  it  at  the  rate  of  sixteen 
feet  per  second,  it  will  exhibit,  for  the  second  space,  a  velocity  of  forty- 
eight  feet  per  second:  and  if  for  the  third  space  we  double  its  increasing 
%*docity  of  thirty-two  feet,  and  add  th&t  created  by  the  continued  force, 
ire  shall  have  twice  thirty-two,   and  sixteen,  are   eiglkty,   which  is  the 
result  of  experiment.    The  velocity  of  bodies  under  the  continuous  action 
of  any  given  force,  will,  it  appears,  increase  as  the  odd  numbers  1,  3,  5, 
7,  9,  &c.  that  is,  sixteen  feet  during  the  first  second,  thrice  sixteen  feet 
during  the  next  second,  five  times  sixteen  during  the  tlilrd  second,  and 
so  on;  or,  as  the  relative  portions  of  the   superficial  space  under  equal 
parts    of  the  perpendicular   in  a  right  angled  triangle,   as  represented 
at  fig.  3 :  where  0  to  1  represents  the  first  second  of  time,  1  to  2  the  second, 
and  2  to  3  the  third.    It  will  be  perceived,  tliat  under  each  of  these  por- 
tions, the  space  contained  in  the  triangle  will  be  as  1,  3,  5;  such  is  uniform 
accelerated  motion.    But  if  the  continuous  force,  which  has  been  shown 
to  increase  the  velocity,  vai^  in  its  action  upon  the  body,  it  is  plain  tlie 
increase  will  be  no  longer  uniform. 

From  a  clear  comprehension  of  the  acceleration  of  motion  in  bodies 
the  retardation  of  motion  will  be  easily  conceived:  for  example,  if  a 
body  be  cast  perpendicularly  from  the  earth,  as  in  the  firing  of  a  shot 
from  a  cannon  upwards,  the  force  of  the  powder,  overcoming  the  force 
of  gra^ntation,  will  cause  the  ball  to  rise  with  a  certain  velocity,  whilst 
that  attraction  continuing  to  operate  in  the  opposite  direction,  checks 
by  regular  g^radations  the  created  force,  and  eventually  destroys  it. 
Thus  the  distance  which  the  shot  would  have  accomplished  during  the 
first  second  of  time,  is  reduced  by  sixteen  feet;  that  which  it  would 
have  accomplished  during  the  next  second,  by  forty-eip^ht;  and  so  on 
until  the  created  power  is  counterbalanced  by  the  force  of  gravity,  and 
the  ball  arrives  at  a  state  of  rest;  when  the  force  of  pTivity  acting  upon 
it  solely,  will  cause  it  to  move  in  the  opposite  direction,  till  it  descends  to  the 
earth. 


4  THE  OPERATIVE  MECHANIC 

When  a  ball  attached  to  a  centre  by  a  flexible  cord,  is  put 
in  motion  by  any  one  force,  which,  in  common  with  all  other 
forces,  acts  in  a  right  line,  the  motion  will  be  circular.  The 
tendency  which  such  body  has  to  fly  from  the  centre,  is 
called  the  centrifugal  force  ;  and  that  exerted  by  the  cord  to 
draw  it  towards  t|ie  centre,  the  centripetal  force. 

When  a  body  is  set  in  motion  by  any  force,  it  is  enabled, 
to  a  certain  extent,  to  act  on  other  bodies,  and  create 
motion  in  them ;  and  as  the  velocity  it  obtained  was  as 
the  power  expended  to  create  that  motion,  so  is  the  power 
of  transmitting  that  motion  to  its  velocity.  This  power 
of  communicating  motion,  or,  in  other  words,  this  force 
possessed  by  matter  in  motion,  is  termed  momentum^  or 
the  moving  force;  and  the  mode  of  transmitting  it,  impact: 
as  this  force  is  proportional  to  the  velocity  possessed  by 
every  particle  of  matter  composing  any  body,  the  mo- 
mentum must  be  represented  by  die  quantity  of  matter 
multiplied  by  its  velocity.  For  instance,  suppose  one  hun- 
dred particles  of  matter  were  moving  at  the  rate  of  one  foot 
per  second,  the  power  requisite  to  overcome  their  force  is 
exactly  the  same  as  that  which  wotdd  be  necessary  to  arrest 
the  motion  of  one  particle  moving  at  the  rate  of  one  hundred 
feet  per  secoM :  for  the  velocity  of  the  hundred  particles 
being  one  foot  per  second  each,  tneir  total  force  would  be  the 
force  existing  in  one  of  them  multiplied  by  one  hundred:  and 
again,  as  the  force  is  in  proportion  to  the  velocity,  one  par- 
ticle moving  at  the  rate  of  one  foot  per  second,  multiplied  by 
one  hundred  in  regard  to  velocity,  will  produce  a  similar  re- 
sult. Also,  if  a  body  of  one  pound  weight  be  moving  at  the 
rate  of  one  foot  per  second,  it  will  possess  a  certain  momentum^ 
and  if  either  its  weight  or  its  velocity  be  doubled,  its  mo- 
mentum will  be  likewise  doubled:  if  both  be  doubled,  the  mo- 
mentum will  be  quadrupled. 

Having  now  considered  the  action  of  one  and  two  fordes 
acting  together  in  opposite  and  similar  directions,  we  will 
proceed  to  examine  the  action  of  two  forces  upon  a  body, 
acting  neither  in  the  same,  nor  in  contrary  directions.  Thus, 
if  the  line  A  B,  fig.  4,  represent  a  force  sufficient  to  carry 
the  body  A  to  the  point  B,  and  A  C  represent  another 
force  sufficient  to  carry  the  body  A  to  the  point  C,  then 
A  C  and  A  B  being  equal  to  C  D  and  B  D,  and  those  two 
forces  act  upon  the  body  subsequently  to  each  other,  we 
may  conceive  that  the  body  would,  by  passing  over  the 
lines  A  B  and  B  D,  or  A  C  and  C  D,  be  carried  to  the  point 
D.     Now,  if  they  act  upon  the  body  at  the   same  instant. 
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die  rtmlt  4riII  be  the  teme,  end  the  totil  expenditure  of  the 
ferato  wHI  itlacet^'  ^bpdy*  pMsitig  by  the  line  A  D^  tt  the 
pMtitp*  Lfke#l«e^ if  i&e  fbrces*Aaand  AC  be  not  at  right 
«B||e»,  M  in  fig.  5,-  still  as  C  O  and  B  D  are  eqtaal^  and  in 
aiaiUar  direetionslO'AB  and  A  C,  the'  motion  received  from 
dieii  bf  A-  i|$iU  be  represented  in  amount  and  direction  by 
dJM'lkie  K%^  But  sup^inff  A  B^  shall  be  twice  or  thrice 
Am  pbver  of  A'C,  thenibe  effect  will  i>e  the  same  as  is  shown 
ii:figi.6,  wbei^'  die  mSsA,  B  represents  thrice  the  power  of 
AC.  •'  Tlie  sejpaiMe  aetions  of  AB  and  A  G  will  be  repre- 
sented as  be&re  by  $.P'tad  CD,  which  would  place  die 
bbify  A  at  die  pofait  D';  therefore  dieir  combined  force  will 
eadae  it  ^J[f^  bj  die  diagonal  line  A  D;  as  in  the  former 
inatnioe.  Tliis  "provef '  diat' any  nuniber  of  forces  acting  upon 
a  bodfyiin  however,  many  liiies,  hot  direcdy  opposite  to  each 
odier,  will  be  eompwtnded  into  one  force :  for  sjuippose  three 
fixrces^  AB,  A  C,  and  A  F,  fig.  7,  to  operate  in  their  teverd 
^tecHoos  at  die  same  instant,  on  the  body  A^  the^  will  be 
comgooBdsd  llsto  the  force repfrsentedxby  A  I;  for  if  we  de- 
scribe if  paraUdbgraiii  as;  before  by  the  lines  A  B  and  A  C, 
tiioae  two  fbrcissr  wiQ  be  'oompoanded  into  a  foi^ce  represented 
by  A  Df  aft^': again,'  if  we  do  the  same  with  the  two  forces 
A  C  and  A  P,' we  shall  Have  th^  force  A  H  composed  of 
diem.  We  have  therefore  two  forces  A  D  and  A  H  com- 
poanded  of  the  diree  original  forces.  If  we  proceed  with 
these  two  in  the  same  manner,  they  will  be  compounded  into 
the  force  represented  by  A  I ;  D  I  and  H I  completing  the 
paraUelogram  of  which  A  I  is  the  diagonal :  so  that  any  num- 
ber of  forces  acting  in  any  number  of  directions,  excepting 
in  opposite  ones,  may  be  compounded  into  one,  which  is 
termed  their  eampoiantj  and  which  is  always  represented  by 
the  diagonal  of  a  parallelogram,  like  that  already  shown. 

The  resolution  of  forces  is  exhibited  by  reversing  this 
problem ;  for  as  any  number  of  forces  may  be  combined  into 
one  force,  so  may  one  force  be  resolved  into  any  number. 
If  a  single  force  be  represented  by  a  ball  moving  with  a  cer- 
tain velocity  in  the  direction  of  the  line  A  B,  fig.  8,  when  it 
shall  come  m  contact  with  and  act  upon  the  balls  C  and  D, 
these  two  balls  will  each  of  them  move  with  one  half  of  the 
velocity  widi  which  B  was  impelled,  and  in  the  direction  of 
the  lines  C  H  and  D  I,  drawn  from  the  centre  of  B  through 
each  of  their  centres:  so  that  if  the  force  of  B  be  divided 
into  two  equal  portions,  each  of  those  portions  may,  by  a 
sisular  process,  be  again  divided,  resolving  the  original  force 
to  infinity. 
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The  next  effect  of  forces  upon  bodies  producing  motion,  is 
that  in  which  a  body  receives  motion  from  one  force^  whilst 
it  is  under  the  continuous  action  of  another  force,  not  acUng 
upon  it  in  an  opposite  direction.  Suppose  the  ball  A,  fig*  9, 
to  be  ejected  from  the  mouth  of  a  cannon,  the  instant  it  has 
left  it  at  A,  it  will  be  under  the  influence  of  the  force  of  gra- 
vitation, which  will  cause  it  to  descend  towards  the  earth  in 
the  manner  already  shown  when  spcj^cing  of  accelerated  mo- 
tion, and  ultimately  will  bring  it  to  a  state  of  rest  a^  the  point 
B:  for  supposing  that  the  ball,  by  the  force  of  the  powder, 
leaves  A,  and  travels  in  the  first  second  of  time  a  given  num- 
ber of  feet,  expressed  by  the  line  A  C,  the  gravitating  force 
during  such  action  -will  cause  it  to  descend  sixteen  feet,  ex- 
pressed by  the  line  C  D ;  and  during  the  next  second,  sup- 
posing the  powder  to  have  impelled  it  the  distance  expressed 
by  the  line  D  £,  the  gravitating  force  will  cause  it  to  fall 
forty-eight  feet,  as  is  shown  by  £  F ;  and  during  the  next 
portion  of  its  horizontal  motion,  expressed  by  F  G,  its  de- 
scent by  gravitation  will  amount  to  eighty  feet,  represented 
by  G  B.  The  line,  therefore,  in  which  the  body  would  move 
when  acted  upon  by  these  two  forces  only,  would  be  that  of 
a  parabolic  curve ;  but  as  the  resistance  of  the  lur  is  to  be 
taken  into  account  in  all  practical  cases,  the  line  of  motion 
changes  very  considerably,  and  assumes  one  that  involves  a 
problem  of  exceeding  complexity;  which,  together  with  many 
other  results  of  the  effects  of  combined  forces,  is  of  such  in- 
tricacy as  to  demand  much  more  room  for  their  solution  than 
the  limits  of  this  work  will  permit  us  to  give. 

OF  FRICTION. 

The  surfaces  of  bodies,  however  smooth  they  may  appear 
to  be,  will  be  found,  upon  a  minute  inspection,  to  possess 
certain  irregularities :  so  that  if  the  body  A  B,  fig.  10,  have 
to  move  upon  the  surface  of  the  body  C  D,  and  the  lower 
surface  of  A  B  possesses  prominences  which  enter  into 
cavities  in  C  D,  it  is  manifest  that  A  B  cannot  be  moved 
along  unless  it  either  rises  and  falls  the  height  of  the  several 
prominences,  or  breaks  them  off:  in  the  first,  it  will  have 
to  overcome  the  attraction  of  gravitation ;  in  the  second,  the 
attraction  of  cohesion.  Again,  if  the  body  AB,  fig.  11,  be 
placed  between  C  D  and  £  F,  which  are  pressed  against  its 
sides  by  any  applied  force,  and  their  surfaces  be  similar  to 
those  in  the  former  instance,  to  effect  the  movement  of  A  B, 
the  attraction  of  cohesion  must  be  overcome,  as  before 
shown,  or  the  applied  force  must  be  conquered.    Such  is  the 


AND  MACHINIST.  7 

almost  universal  nature  of  that  resistance  called  friction ;  for 
although  the  irregularities  upon  the  surfaces  of  bodies  are  by 
no  means  so  manifest  as  those  here  represented,  still,  upon 
minute  examination,  we  are  enabled  to  discover  that  the 
smoothest  surfaces  contain  them ;  and  as  the  amount  of  resist- 
ance increases  in  direct  proportion  as  the  irregularities  present 
themselves,  we  are  warranted  in  concluding  that  all  resistance 
arising  from  friction  owes  its  origin  solely  to  this  cause. 

or  THE  MECHANICAL  POWERS. 

The  mechanical  powers  are  six  in  number,  the  lever, 
the  WHEEL  and  axle,  the  pulley,  the  inclined  plane,  the 
WEDGE  and  the  screw.  A  perfect  knowledge  and  thorough 
appreciation  of  which  should  be  clearly  understood  by  those 
who  purpose  to  examine  into  the  effects  of  mechanical  com- 
binations ;  the  whole  of  which,  however  intricate,  originate 
from,  and  are  reducible  to,  one  or  more  of  the  laws  which 
govern  these  simple  machines. 

In  demonstrating  the  mechanical  powers,  that  which  is  not 
strictly  true  must  be  admitted :  the  force  of  gravitation,  the 
retardation  of  friction,  the  resistance  of  the  atmosphere, 
and  the  irregularity  arising  from  the  partial  elasticity  of  the 
substances  of  which  they  are  formed,  must  be  excluded,  and 
supposed  not  to  exist. 

The  first-mentioned  power  is  the  lever,  which  is  divided 
into  three  classes.  In  fig.  12,  A  B  is  a  lever,  and  C  the 
fulcrum,  or  immovable  point  on  which  it  rests :  now,  if 
a  force  be  applied  at  B,  and  the  resistance,  or  the  force  or 
weight  to  be  overcome,  is  at  A,  then,  with  the  fulcrum  so 
situate  between  the  forces,  it  is  called  a  lever  of  the  first 
class ;  and  the  operation  of  the  force  at  B  to  overcome  the 
resistance  at  A,  will  be  in  proportion  as  the  distance  A  C  is 
to  the  distance  B  C ;  that  is  to  say,  if  B  C  be  four  times  the 
distance  of  A  C,  the  force  applied  at  B  will  be  exactly  equal 
to  four  times  the  same  amount  of  force  at  A ;  or  one  pound 
weight  at  B  will  counterbalance  four  pounds  weight  at  A  ; 
but  to  whatever  height,  (suppose  one  foot,)  the  weight  at  A 
be  raised,  B  must  descend  four  times  that  space,  and  conse- 
quently, to  place  B  in  its  original  position,  the  force  applied 
must  be  equal  to  the  raising  of  four  single  pounds  one  foot 
each,  which  is  the  same  as  the  raising  of  tour  pounds  one 
foot,  as  was  effected  at  A. 

An  actual  gain  of  power  does  not  exist,  but  the  gain  in 
convenience  is  great;  for,  by  the  operation  of  one  pound, 
four  pounds  is  moved,  which,  but  for  the  invention  of  the 
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resisting  forces,  being  the  hand  and  the  nail,  although  acting 
with  a  lever  bent  at  right  angles,  still  operate  as  though  the 
lever  were  straight;  for  the  direction  of  the  forces  being 
changed  to  the  exact  amount  of  the  same  angle  as  that  to 
which  the  lever  is  bent,  they  continue  to  act  at  right  angles 
to  their  respective  arms,  which  arms  will  consequently  repre* 
sent  perpendiculars  let  fall  from  the  fulcrum  on  their  respec* 
tive  lines  of  direction. 

The  principle  of  the  bent  lever  is  not  unfrequently  intro* 
duced  into  machinery  in  order  to  gain  a  greater  degree  of 
power.  Suppose  ABC,  fig.  14,  to  represent  a  bent  lever 
moving  on  its  fulcrum  B,  the  operating  force  at  A  acting  in 
the  direction  of  A  D,  and  the  resistance  at  C  in  the  direc- 
tion C  £:  now,  as  the  line  of  direction  of  the  force  C  £Edla 
upon  the  fulcrum,  it  is  evident,  that  no  perpendicular  can  be 
let  fall  from  the  fulcrum  upon  it,  and  consequently,  the  power 
of  C  can  be  nothing  in  comparison  to  that  of  A,  whQse 
perpendicular  upon  its  line  of  direction  is  B  A;  for  the  in- 
stant the  lever  begins  to  move,  suppose  to  A  1,  C  1,  Aen  the 
perpendicular  on  the  line  of  direction  of  the  force  C,  as- 
sumes a  mensurable  form,  as  B,  B  1,  whilst  the  power  of  A 
has  only  decreased  from  B  A  to  B  F.  From  this  it  will  be 
seen  that  at  the  commencement  of  the  action  of  A,  its 
power  over  C  was  indefinite,  but  instantly  after  the  com- 
mencement of  that  action  by  the  movement  of  C  out  of  the 
perpendicular  EB,  resistance  likewise  commenced,  as  the 
perpendicular  from  the  fulcrum  then  assumed  a  mensurable 
amount. 

THE  WHEEL  AND  AXLE. 

The  next  simple  machine  classed  as  a  mechanical  power, 
is  termed  the  wheel  and  (xxlfy  and  is  represented  at  ng.  15. 
A  the  wheel,  B  a  circular  bar  called  the  axle,  both  turning 
upon  one  centre,  at  C.  In  general,  the  force  is  applied  by 
fixing  a  rope  to  the  outer  rim  of  the  wheel,  as  represented 
by  D,  whilst  the  resistance,  or  the  weight,  or  force  to  be 
overcome,  is  represented  by  £,  attached  by  a  rope  to  the 
axle.  By  a  simple  analysis,  this  machine  will  be  found  to 
be  merely  a  method  of  obtaining  a  continual  acuon  of 
levers  of  the  first  class;  for  if  we  suppose  the  radius  of  the 
wheel  to  be  the  longer  arm  of  the  lever,  the  radius  of  the 
axle  the  shorter  arm,  and  the  centre  on  which  thev  turn  the 
fulcrum,  we  have  a  lever  of  the  first  class ;  but  n-om  these 
two  members  being  circular,  their  radii  are  an  indefinite 
number  of  levers,  and,  by  the  revolving  of  the  wheel,  a 
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number  of  leven  of  this  class  are  continually  brought  into 
operation.  The  effective  power  of  the  wheel  and  axle  must 
therefore  be  calculated  by  the  same  mode  as  a  lever  of  the 
first  class ;  for  as  the  radius  of  the  wheel  exceeds  that  of  the 
axle,  so  increases  the  power,  and  so  increases  the  distance 
that  the  operative  force  has  to  pass  through. 

The  wheel  and  axle  is  applied  in  the  apparatus  for  raising 
water  from  wells,  and  is  introduced  in  many  machines,  which 
shall  be  shown  as  we  proceed. 


THE  PULLEY. 

The  pulley^  represented  at  fig.  16,  is  the  third  mechanic 
power.  It  is  of  a  circular  form,  fixed  upon  a  pin  that  runs 
through  its  centre  at  C,  and  round  which  it  revolves.  The 
mode  of  applying  the  pulley  is  by  placing  a  rope  over  its 
outer  rim,  to  the  extremities  of  which,  at  A  and  B,  the  force 
to  be  applied,  and  the  weight  or  resistance  to  be  overcome, 
are  indiscriminately  attached,  the  centre  C  being  supported 
by  the  strap  D.  The  operations  of  this  instrument  are  re* 
ferable  also  to  the  action  of  a  lever  of  the  first  class ;  the 
pin  on  whith  it  revolves  is  the  fulcrum,  and  the  radii  of  the 
circle  E  F  the  two  arms,  which,  being  equal,  no  augmenta- 
tion or  diminution  of  power  can  arise. 

When  used  in  this  manner,  the  pulley  is  but  a  method 
of  altering  the  direction  of  the  applied  force.  But  if  in- 
verted, as  shown  in  fig.  17,  where  the  end  o£  the  line  A  is 
attached  to  a  fixed  point,  the  weight  or  resistance  being 
at  C,  and  the  applied  force  acting  upwards,  the  line  from 
A  being  permanently  fixed,  it  will  become  a  fulcrum ;  and 
the  horizontal  radii  of  the  circle  assume  the  position  of 
that  of  a  lever  of  the  second  class ;  which  gains  in  power  as 
the  respective  forces  of  application  and  resistance  are  distant 
from  the  fulcrum;  as  B,  lor  instance,  is  twice  as  far  from 
A  as  C,  the  weight  or  force  applied  at  B  will  raise  twice  its 
weight  at  C. 

The  combined  action  of  several  pullies  is  called  a  tackle, 
see  fig.  18,  where  A  and  B  are  two  pullies  fixed  in  the  position 
represented,  and  C  D  two  others,  capable  of  being  either 
raised  or  lowered ;  the  rope  E  passes  over  A,  under  D,  over 
B,  and  under  C,  and  is  permanently  fixed  at  F.  It  is  there- 
fore apparent  that  if  the  weight  G  be  suspended  from  the 
centres  of  C  and  D,  (both  of  which  are  in  the  position  de- 
scribed at  fig.  17,)  that  each  of  them  will  divide  its  force  by 
two,  and  that  one  quarter  of  the  weight  G,  placed  at  £^ 
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will  counterbalance  G.  The  puliies  A  and  B  being  used  only 
to  change  the  direction  of  the  action. 

The  construction  of  tackles,  consisting  of  four  puUxes,  or, 
as  they  are  sometimes  called,  sheeves,  is  very  similar  to  that 
represented  by  fig.  19. 

For  a  rule  to  estimate  the  force  which  is  necessary,  to 
overcome  any  force  acting  at  G,  take  half  the  force  at  G 
and  divide  it  by  the  number  of  lower  puliies  in  the  tackle, 
and  it  will  give  the  amount  necessary  to  counterbalance  it 
at£. 


THE  INCLINED  PLANE. 

The  inclined  plane  is  the  fourth  mechanical  power.  It  is 
represented  at  fig.  20,  where  A  B  is  supposed  to  be  a  plaia 
surface,  supported  at  one  end,  so  that  it  may  lay  obliquely 
to  the  horizon.  By  this  power  a  heavy  weight  can  be  raised 
with  much  less  force  than  would  be  required  to  elevate  it 
perpendicularly.  The  manner  of  using  it  for  the  raising  of 
weights,  is,  to  cause  the  applied  force  to  act  in  a  direction 
parallel  to  the  plane  AB,  and  in  the  direction  from  A  to 
B,  as  represented  by  the  line  AE  acting  on  tlie  body  £; 
the  power  gained  is  in  proportion  to  the  length  of  the  line 
A  C,  which  is  the  base,  compared  to  the  perpendicular  C  B ; 
now  if  A  C  be  twenty  feet,  and  C  B  five,  then  A  C  being 
four  times  CB,  the  power  gained  will  be  as  four  to  one, 
that  is,  the  force  equal  to  the  raising  of  one  pound  perpen- 
dicularly, will  raise  four  pounds  along  the  inclined  plane  AB, 
which  being  four  times  the  length  of  C  B,  the  force  will  have 
to  move  through  four  times  the  distance,  as  was  shown  to 
be  the  case  in  the  use  of  the  lever.  This  mechanical  con-> 
struction,  then,  offers  but  another  mode  of  effecting,  by  the 
application  of  a  small  force  for  a  longer  period  of  time,  that 
which  would  otherwise  require  a  much  more  considerable 
force  to  accomplish  it.  The  power  gained  in  an  inclined 
plane  may  be  always  estimated  by  dividing  the  length  of 
the  base  of  the  plane  by  the  perpendicular  height  of  its  most 
elevated  end.  The  application  of  the  simple  inclined  plane, 
in  mechanical  combinations,  is  not  very  frequent  in  respect 
to  its  power ;  but  its  introduction  is  by  no  means  uncom- 
mon for  the  purpose  of  obtaining  a  regularly  ascending  motion. 
The  gradual  ascent  of  roads  and  railways  to  gain  the  summits 
of  hills,  and  the  slide-ladder  used  by  brewers  in  loading  and 
unloading  their  carts,  are  well  known  applications  of  its 
principle. 
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THE  WEDGE. 

The  fifth  mechanical  power  is  the  wedge;  one  form  of 
which  is  shown  at  fig.  21.  It  operates  in  a  similar  manner 
to  the  inclined  plane ;  but  instead  of  the  resistance  or  'force 
to  be  overcome  being  moved  along  its  surface,  the  plane 
itself,  which  is  now  called  the  wedge,  is  forced  beneatn  the 
object  to  be  raised.  Thus,  if  the  wedge  AB  move  upon  a 
level  plane  to  the  position  A  1,  the  weight  D  will  be  raised 
from  Its  position  to  the  height  D  1 ;  and,  consequently,  will 
pass  over  the  whole  upper  plane  of  the  wedge  A  B,  and  ulti- 
mately attain  the  perpendicular  height  B  C.  If  A  B  be 
divided  by  B  C,  the  quotient,  as  in  the  inclined  plane,  will 
represent  the  power  which  the  wedge  is  capable  of  exerting; 
or  if  A  B  is  four  times  B  C,  the  power  forcing  forward  the 
wedge  to  A  1  is  capable  of  raising  the  body  D  four  times  its 
own  amount  to  the  position  D  1.  The  wedge  represented  in 
fig.  22,  is  most  generally  applied  to  the  purpose  of  dividing 
wood,  where  the  resisting  force  to  be  overcome  acts  on  both 
sides  of  it.  To  estimate  the  amount  of  power  gained  by  this 
form  of  the  instrument,  we  must  consider  it  as  two  inclined 
planes,  ABC  and  C  B  D  conjoined ;  and  as  the  forces  ope- 
rating at  £  and  F  ar^ equal,  we  shall  have,  as  A  C  is  to  C  B, 
so  is  the  resistance  F  to  the  force  necessary  to  overcome  it ; 
and  as  the  force  £  and  the  other  portion  of  the  wedge  are 
similarly  opposed,  the  total  A  D  is  to  C  B,  as  the  total  resist- 
ance F  and  £  is  to  the  power  necessary  to  be  exerted  to  coun- 
terbalance that  resistance ;  or,  as  many  times  as  A  D  will  go 
into  C  B,  so  many  times  may  the  resistance  contain  the  amount 
of  the  applied  force . 

THE  SCREW. 

The  screw  is  the  sixth  and  last  of  the  mechanical  powers. 
In  the  manner  of  its  construction  it  is  in  general  said  to  bear 
reference  to  an  inclined  plane  wound  about  a  cylinder ;  but 
as  the  power  of  the  inclined  plane  corresponds  with  that  of 
the  wedge,  and  the  mode  of  applying  the  facilities  they  pos- 
sess, alone  forms  their  difference,  and  as  the  screw  is  almost 
universally  moved  to  effect  the  same  purposes  as  the  wedge, 
it  would,  with  greater  propriety,  as  regards  its  action,  bear 
reference  to  that  instrument. 

Fig.  23  represents  a  cylinder  £  £,  upon  which  we  will 
suppose  the  wedge-shaped  piece,  ABC,  is  capable  of  being 
wound  i  when  wrapped  round  such  cylinder,  it  will,  by  its 
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upper  edge  B  C,  represent  spiral  lines,  similar  to  B  D  and 
F  G.  Now,  as  the  piece  A  B  C  is  in  the  shape  of  a  wedge 
or  inclined  plane,  it  should  have  its  power  estimated  by  the 
line  A  C  compared  to  the  height  A  B ;  and  if  the  line  B  C, 
wound  in  its  spiral  direction,  shall  just  circumscribe  the 
cylinder,  the  point  C  will  be  found  directly  beneath  B,  and 
the  distance  between  C  and  B,  when  thus  lapped  on  the 
cylinder,  will  represent  the  line  A  B,  on  the  perpendicular  of 
the  inclined  plane  or  wedge ;  which,  when  compared  with 
A  C,  now  represented  by  the  circumference  of  the  cylinder, 
will  give  the  same  data  from  which  the  power  of  the  screw, 
80  formed,  should  be  calculated.  Consequently  the  compari- 
son of  the  circumference  of  the  screw,  and  the  distance  be- 
tween one  thread  and  another,  measured  on  a  line  parallel  to 
the  axis  of  the  screw,  is  that  6rotn  which  its  power  should  be 
calculated,  or  as  the  distance  between  the  two  threads  is  to 
the  circumference,  so  the  power  to  be  applied  is  to  the  resist- 
ance to  be  overcome ;  or  if  the  circumference  be  three,  and 
the  power  one,  the  force  equal  to  one  shall  overcome  a  force 
equal  to  three. 

Fig.  24  represents  a  screw  of  more  perfect  formation;  but 
the  general  construction  of  the  screw  is  so  familiar  to  every 
one,  that  we  conceive  it  to  be  almost  needless  to  enter  upon 
a  more  minute  description.  A  B  repaesents  the  acclivity  of 
the  plane  from  which  such  screw  is  formed,  and  the  dis- 
tance between  B  and  C  represents  what  should  be  compared 
to  the  circumference  in  order  to  discover  the  power  it  pos- 
sesses. 

The  screw  is  applied  to  mechanical  purposes  chiefly  to  ob- 
tain great  pressures  in  small  distances ;  and  upon  examina- 
tion it  will  be  seen,  that  they  afford  a  method  of  using  a  wedge 
of  an  extremely  small  inclination,  and  by  consequence  of  great 
power.  The  screw  is  sometimes  used  for  raising  exceedingly 
heavy  weights.  The  hollow  screw,  or  the  counterpart  in 
which  a  screw  operates,  when  in  the  form  of  a  small  movable 
piece,  is  called  a  nut,  and  the  cavity  is  termed  a  female  screw, 
the  properties  of  which  are,  as  respects  power,  exactly  simi- 
lar to  the  screw. 

We  have  now  duly  considered  the  nature  and  properties  of 
the  mechanical  powers  when  in  a  state  of  uncombined  action ; 
and  shall,  in  the  next  place,  previously  to  representing  them 
in  some  of  the  simplest  forms  in  which  they  are  combined, 
examine  into  one  more  attribute  of  matter,  resulting  from 
gravity. 
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THE  CENTRE  OF  GRAVITY. 

The  force  of  gravitation,  as  we  have  already  shown,  acts 
upon  matter  in  proportion  to  its  quantity:  thus,  if  a  line  be 
drawn  through  au^  body  in  such  manner,  that  the  quantity 
of  matter  multiplied  into  its  distance  from  the  line  on  one 
side  shall  equal  the  quantity  of  matter  multiplied  into  its 
distance  on  tne  opposite  side,  and  if  another  line  be  drawn 
passing  through  the  body  in  another  direction,  dividing  it 
in  a  similar  manner,  the  point  where  those  two  lines  meet, 
whether  it  be  situated  within  or  about  the  body,  is  the 
centre  of  gravity ;  and  if  that  point  or  centre,  supposing  it 
within  the  body,  be  supported,  the  body  will  remain  in  a 
state  of  equilibrium.  Suppose  the  body  D,  fig.  25,  to  be 
suspended  by  a  line  from  C,  then  the  point  H,  which  is 
called  the  point  of  suspension,  and  at  which  the  body  is 
suspended  in  a  state  of  rest,  will  be  directly  above  the 
centre  of  gravity.  For  if  the  perpendicular  line  HI  be  drawn, 
and  the  quantity  of  matter  multiplied  into  the  distance  on 
one  side  of  the  line  be  not  equal  to  the  quantity  of  matter 
multiplied  into  the  distance  on  the  other  side,  the  body  will 
not  be  at  rest;  but  as  the  body  is  at  rest,  the  quantity  of 
matter  multiplied  into  its  distance  on  the  one  side,  is  exactly 
equal  to  the  quantity  of  matter  multiplied  into  its  distance 
on  the  other.  Agam,  suspend  the  body  as  at  fig.  26,  and  let 
a  perpendicular  fall  similarly  from  K,  the  point  of  suspension, 
to  L,  the  body  will  be  again  divided  in  like  manner,  and 
the  point  E,  where  the  perpendicular  K  L  intercepts  the  line 
H  I,  will  be  the  centre  of  gravity. 

If  any  force  acting  in  a  direct  line  pass  through  the 
centre  of  gravity  of  a  body,  it  will  produce  uniform  motion  in 
that  body;  but  if  the  force  so  impressed  do  not  pass  through 
the  centre  of  gravity,  that  motion  will  be  unequally  com- 
municated. Thus,  if  at  fig.  26,  M  I  represent  a  force 
striking  the  irregularly  shaped  body  D,  in  a  line  of  direction 
passing  through  its  centre  of  gravity  E,  the  force  so  impressed 
on  that  body  will  cause  it  to  proceed  with  a  uniform  velocity, 
as  regards  all  its  parts ;  but  should  the  force  M I  be  impressed 
at  the  point  F,  as  M 1,  the  line  of  direction  not  being  through 
the  centre  of  gravity,  an  irregular  motion  will  be  communi- 
cated, and  the  body  will  acquire  a  revolving  motion  round  its 
centre  of  gravity. 

As  the  centre  of  gravity  is  the  most  advantageous  point  for 
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giving  to  a  body  uniform  motion,  so  also  it  is  the  best  to 
applv  resistance  to  arrest  the  progress  of  that  motion. 

Most  writers  on  Mechanics  speak  of  the  common  centre 
of  gravity  as  of  more  than  one  body,  or  as  a  system  of  bo- 
dies ;  but  as  they  mean  that  those  bodies  should  be  conjoin- 
ed, or  their  relative  position  maintained  by  some  force,  they 
may  properly  be  considered  as  but  one  body,  and  the  centre 
of  gravity  of  the  whole  assemblage  may  be  estimated  in  a 
similar  manner  to  that  of  one.  Thus,  if  the  bodies  A  and  B, 
fig.  27,  be  conjoined  by  a  lifie,  their  common  centre  of 
gravity  will  be  the  point  E ;  for  if  a  line  be  drawn  through 
that  point  in  any  direction,  the  masses  of  matter,  multiplied 
into  their  respective  distances  on  each  side,  will  equal  each 
other. 

What  has  been  said  concerning  the  centre  of  gravity,  is 
also  applicable  to  practical  points ;  as  no  body  can  be  sup- 
ported in  a  state  of  equilibrium,  if  the  point  of  suspension  be 
not  exactly  above  or  beneath  its  centre  of  gravity. 

SIMPLE  COMBINATIONS  OF  THE  MECHANICAL  POWERS. 

Having  considered  the  capacities  of  the  mechanical  powers, 
and  the  modes  used  for  calculating  their  effects,  we  will 
now  turn  our  attention  to  them  in  a  state  of  combination ; 
and  as  all  of  these  instruments  are  iii  themselves  gainers  of 
power,  power  must  be  considerably  increased  when  they 
become  adjuncts  to  each  other.  Thus,  in  fig.  28,  we  have 
a  combination  of  three  levers,  each  oif  them,  by  the  dis- 
proportion of  their  arms,  gainers  of  power  as  three  to  one  ; 
GGG  being  their  several  fulcrums,  the  weight  H  will 
operate  with  thrice  its  power  at  B,  by  means  of  the  lever 
A  B ;  the  effect  will  be  again  trebled  by  C  D  ;  and  that 
amount  again  trebled  by  the  action  of  the  lever  E  F.  Con- 
sequently, if  we  call  H  one^by  AB  it  will  be  raised  to  three, 
by  C  D  to  nine,  and  by  £  F  to  twenty-seven ;  so  that  a 
weight  of  one  pound  at  A  will  support  twenty-seven  pounds 
at  F. 

The  combination  of  the  action  of  levers  may  thus  be 
extended  to  the  gain  of  almost  any  amount  of  power ;  and 
when  bent  levers  are  introduced,  their  powers,  which  in  pe- 
culiar situations  have  been  shown  to  be  very  great,  may  in 
like  manner  be  multiplied. 

The  wheel  and  axle  is  an  implement  not  frequently  used 
in  its  simple  state.  In  machinery,  wheels  are  mostly  turned 
by  means   of   prominences   upon   their   peripheres,  called 
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cogs,  or  teeth,  which  being  acted  upon  by  any  applied  force, 
cause  the  wheel  to  revolve ;  and  the  axle  being  similarly  fur- 
nished with  teeth,  or  cogs,  is  termed  a  pinion.  The  wheel 
and  pinion,  therefore,  bear  a  similar  relationship  to  each  other 
as  the  wheel  and  axle,  and  their  power  must  be  calculated  in 
the  same  manner.  Suppose  A  B,  fig.  29,  to  be  a  shaft  on 
which  the  handle  A  C,  of  twelve  inches  radius,  and  the  pinion 
D,  of  one  inch  radius,  are  fixed  ;  and  the  teeth  of  the  wheel 
£,  of  twelve  inches  radius,  acting  in  those  of  the  pinion  D, 
and  upon  the  shaft  of  £  is  fixed  the  pinion  F,  of  one  inch 
radius,  communicating  with  the  wheel  G,  of  \welve  inches 
radius,  upon  the  shaft  of  which  the  pulley  H,  of  one  inch 
radius,  is  fastened ;  we  shall  then  have  the  handle  A  C  repre- 
senting the  radius  of  a  wheel,  and  the  pinion  D  in  the  situa- 
tion of  the  axle;  so  that  there  will  be  a  gain  of  twelve  to  one: 
and  the  wheel  £,  bearing  the  same  proportion  to  the  pinion  F, 
will  also  gain  in  a  similar  ratio,  and  G  being  to  H,  as  £  to  F, 
the  gain  will  again  be  augmented  to  the  same  extent;  so  a  force 
equal  to  one  at  C  will  operate  as  twelve  at  D;  and  twelve  at 
D  will  operate  as  a  hundred  and  forty-four  at  F;  and  at  H  as 
seventeen  hundred  and  twenty-eight.  TUus  one  pound  at 
C  will  raise  seventeen  hundred  and  twenty-eight  pounds  at 
H,  and  the  handle  C  will  have  to  pass  through  seventeen 
hundred  and  twenty-eight  times  the  distance  through  which 
the  weight  I  will  move.  By  this  form  and  disposition  of 
wheels  and  pinions,  an  accession  of  power  is  obtained;  but  if 
velocity  be  required  at  the  expense  of  power,  this  train  should 
be  inverted.  For,  if  we  suppose  the  pulley  H  to  be  turned  by 
a  force  so  as  to  cause  the  weight  I  to  pass  through  one  foot, 
the  periphery  of  the  wheel  G  will  have  passed  through  twelve 
feet,  and  the  periphery  of  the  pinion  will  have  gone  through 
the  same  distance;  but  the  wheel  £  being  twelve  times  the  di- 
ameter of  F,  it  will  have  passed  through  twelve  times  that 
distance,  or  a  hundred  and  forty-four  feet;  and  the  pinion  D, 
in  like  manner,  will  cause  C  to  pass  through  twelve  times 
that  amount  of  space,  or  seventeen  hundred  and  twenty-eight 
feet;  whilst  the  force  required  at  H  to  cause  this  motion, 
must  be  seventeen  hundred  and  twenty-eight  times  the  resist- 
ance at  C. 

As  the  circumferences  of  wheels  are  proportionate  to  the 
circumferences  of  the  pinions  they  have  to  act  upon,  or  be 
acted  upon  by,  so  must  the  number  of  teeth  in  the  one  be 
to  those  in  the  other,  otherwise  the  size  of  the  teeth  would 
not  be  similar;  thus  a  wheel  that  is  twelve  inches  diameter, 
and  a  pinion  one  inch,  the  circumferences  of  circles  being 
in  proportion  to   their  diameters,   the    wheel   should   have 
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twelve  times  as  many  teeth  as  the  pinion,  therefore,  in  prac- 
tice, the  number  of  teeth  may  be  taken  as  data  to  estimate  die 
power  or  velocity.  Suppose  a  pinion  has  five  teeth,  and  awheel 
sixty,  their  power  will  be  as  twelve  to  one,  as  five  will  go 
twelve  times  in  sixty;  that  is,  the  pinion  will  have  to  turn 
twelve  times  to  move  the  wheel  once;  and  if  turned  by  a 
handle  AC,  whose  radius  is  equal  to  the  wheel,  the  power 
gained  will  be  in  the  same  ratio ;  and  if  the  pinion  is  driven 
by  the  wheel,  the  velocity  obuined  will,  in  like  manner,  in- 
crease ;  consequently  the  velocities,  or  powers  of  any  combi- 
nation of  wheels,  may  be  estimated  by  their  diameters,  cir- 
cumferences, or  number  of  teeth. 

Although  this  mode  of  connnunicating  motion  is  used  to  a 
very  great  extent  in  applying  wheel-work  to  machinery,  yet, 
in  peculiar  cases,  straps,  chains,  and  cordage,  of  various  de- 
scriptions, are  beneficially  introduced  to  transfer  the  acdon 
of  wheels. 

Combinations  of  the  wedge  are  not  very  common :  but 
its  properties  are  introduced  under  several  modifications, 
and  afford  methods  of  obtaining  power  of  considerable  pres- 
sure in  short  distances.  For  instance,  that  common  and 
well-known  part  of  mechanical  construction,  called  the  camb« 
or  eccentric,  is  a  wedge  applied  by  one  of  its  faces  to  a 
cylinder,  which,  by  being  turned  by  means  of  a  lever,  is 
capable  of  producing  a  powerful  action.  Fig.  30  represents 
a  cylinder  A,  with  a  wedge  B  wound  round  it,  but  which,  in 
this  position,  is  denominated  a  camb  or  eccentric  piece ;  by 
the  motion  of  the  lever  C  to  the  situation  C  1,  the  cylinder 
A,  with  the  camb  B,  is  brought  into  the  position  B  1 ;  thereby 
raising  the  obstacle  D  to  D  1.  The  power  gained  in  this 
operation  may  be  ascertained  thus:  as  the  length  of  the  lever 
C  from  the  centre  of  A  exceeds  the  radius  of  A,  so  will  the 
force  applied  at  C  be  increased,  at  the  point  E,  where  it  may 
be  supposed  to  act,  against  the  wedge  or  camb  B ;  and  the 
effort  to  raise  D  may  be  known  by  considering  the  proportion 
of  E  F  to  £  H,  which  is  the  portion  of  the  circumference  that 
must  be  considered  as  its  base.  Thus,  if  we  call  the  lengtli 
of  the  lever  C  three,  and  the  radius  of  A  one,  if  the  force 
acting  at  C  be  one,  its  power  at  E  will  be  three ;  and  should 
the  height  E  F  be  one-third  of  the  base  of  the  camb  B, 
this  power  will  be  again  raised  by  three ;  thus,  1  at  C  will 
counterbalance  9  at  D.  This  movement  is  extremely  com- 
mon in  order  to  obtain  power,  or  a  regular  direct  motion. 
It  is  quicker  than  a  screw,  and  capable  of  considerable 
accuracy. 

Fig.  3t  is  another  modification  of  the  wedge,  placed  on 
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the  internal  face  of  the  circle  £,  acting  with  its  face  F,  and 
causing  by  its  movement  the  obstacle  I  to- approach  nearer  to 
the  centre  G ;  this  is  called  the  snail  movement,  and  might 
with  propriety  be  termed  a  concentric. 

Another  method  of  placing  a  wedge,  so  as  to  apply  its  effects 
to  a  revolving  motion,  is  represented  in  a  side  and  top  view 
at  fig.  32,  where  the  wedge  A  B  is  placed  upon  a  circular  plate 
C  D,  tumiog  upon  the  axis  £,  and  consequently  creating  mo- 
tion in  the  obstacle  upon  which  it  acts  to  the  amount  of  the 
line  G  A. 

Another  movement  of  considerable  accuracy  is  obtained 
by  the  turning  of  a  cone,  the  principle  of  whose  action  is  re- 
ferable to  the  wedge.  Fig.  33  represents  a  cone  fixed  upon 
its  axis  ii»  If  an  obstacle  be  presented  at  a,  and  the  cone  be 
caused  to  pass  forward  in  the  direction  i  f ,  the  surface  a  c 
will  operate  as  a  wedge  at  abc^  raising  the  obstacle  toe; 
but  if  during  that  direct  motion  the  cone  is  likewise  caused 
to  revolve  on  its  axis,  the  obstacle,  instead  of  passing  over 
aCt  will  pass  over  the  spiral  line  aegd^  to  the  point  d;  by 
this  means  the  operation  of  a  wedge,  whose  line  of  inclina- 
tion is  equal  to  the  spiral  line  aegd^  and  whose  height  is 
equal  to  6r,  is  brought  into  action ;  and  if  the  number  of  re- 
volutions of  the  cone  be  increased  during  its  direct  motion, 
It  is  plain  that  the  effect  of  a  wedge  of  infinite  elongation  may 
be  produced. 

The  screw  is  introduced  both  singly  and  in  a  state  of  com- 
bination in  many  parts  of  machinery.  The  combined  action 
of  two  screws,  which  avoid  the  necessity  of  using  a  screw  of 
greater  fineness,  in  which  the  threads  would  be  weakened,  is 
represented  at  fig.  34,  where  they  are  applied  to  a  press.  Sup- 
pose A  A  to  be  a  screw  fitted  in  a  female  screw  in  the  rail 
B  C ;  and  D,  a  screw  that  works  in  the  inside  of  A,  having 
its  lower  end  joined  to  the  upper  board  of  the  press  H,  so 
that  it  shall  not  turn  round :  now  if  the  screw  A  A,  and  the 
screw  D,  contain  exactly  the  same  number  of  threads  in  the 
inch,  by  turning  A  A  one  revolution,  it  will  proceed  down- 
wards exactly  the  same  amount  that  the  screw  D  will,  by  the 
same  action,  proceed  upwards,  and  the  board  H  will  not  be 
moved.  But  we  will  suppose  that  the  screw  A  A  contains  four 
threads  in  the  inch,  and  the  screw  D  six,  then,  by  one  revolu- 
tion, A  A  will  move  downwards  one  quarter  of  an  inch,  and 
D  will  at  the  same  time,  and  by  the  same  action,  l)e  raised 
one-sixth  of  an  inch,  therefore  the  board  H  will  move  down- 
wards the  difference  between  one-quarter  and  one-sixth,  or 
one-twelfth  part  of  an  inch,  by  every  single  revolution:  which 
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effect  is  similar  to  that  which  would  be  produced  by  using  a 
screw  of  twelve  threads  to  the  inch. 

For  farther  elucidation  wc  shall  refer  the  action  of  each 
screw  to  that  of  a  wedge  from  which  the  screw  has  been 
shown  to  be  derived.  Fig.  35  represents  two  wedges,  abh 
and  ecd^  each  of  which  may  be  supposed  to  represent  one 
lap  of  a  screw  of  the  respective  fineness  which  their  heights 
Ih  and  ec  denote.  If  the  wedge  abh  ht  caused  to  pass  to 
the  situation  a^  ah\  and  is  supposed  to  operate  upon  the  level 
surface  e/^  ihe  line  ae  will  be  compressed  to  the  line  /j*c,  by 
thiit  movement;  but  if,  whilst  this  action  takes  place,  the 
wedge  ecdbt  moved  to  the  position  e^  c^  c,  and  the  effect  takes 
place  upon  its  upper  surface  ed^  the  line  ae  will  only  be  re- 
duced to  the  line  g'  e^  equal  to  h  d^  and  will  consequently  only 
be  compressed  to  the  amount  ,^^  a,  which  is  in  effect  equal  to 
what  a  wedge  of  the  fineness  of  abg  would  have  produced, 
whose  height  or  line  j^^  is  just  equal  to  the  difFerence  be- 
tween ec  and  hb^  as  was  the  case  with  the  screws. 

As  a  gain  of  power  is  attainable  by  two  screws  or  wedges 
of  unequal  fineness,  performing  equal  numbers  of  revoludons, 
so  is  the  same  effect  attainable  by  the  unequal  revolutions  of 
two  screws  or  wedges  of  equal  fineness. 


MILL  GEERING. 

Under  this  head  we  purpose  to  treat  of  the  best  formation 
of  the  teeth  gf  wheels,  of  the  connection  of  shafts,  termed 
couplings,  of  the  disengaging  and  re-engaging  of  the  moving 
parts,  and  of  the  equalization  of  motion ;  and  to  them  we 
shall  annex  some  further  observations  upon  the  general  con- 
struction of  Machinery.  To  avoid  unnecessar}"  repetition,  we 
shall,  previously  to  entering  upon  the  formation  of  the  teeth 
of  wheels,  give  a  general  definition  of  the  terms  most  com- 
monly in  use. 

Cog'whpel  is  the  general  name  of  any  wheel  which  has  a 
number  of  teeth  or  cogs  placed  round  its  circumference. 

Pinion  is  a  small  cog-wheel  that  has  not  in  general  more 
than  twelve  teeth ;  though,  when  two-toothed  wheels  act  upon 
one  another,  the  smallest  is  not  unfrequently  distinguished  by 
this  term  ;  as  is  also  the  trundle,  lantern,  or  wallower,  when 
talking  of  the  action  of  two  wheels. 

Trundle^  lantern^  or  walloxver^  is  sometimes  used  in  lieu  of 
a  pinion.     It  is  represented  at  fig.  36. 
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When  the  teeth  of  a  wheel  are  made  of  the  same  material, 
and  formed  of  one  piece  with  the  body  of  the  wheel,  they  are 
called  teeth;  when  of  wood,  or  some  other  material,  and  affix- 
ed to  the  outer  rim  of  the  wheel,  cogs  ;  in  a  pinion  they  are 
called  leaves  ;  in  a  trundle  staves. 

When  speaking  of  the  action  of  wheel-work  in  general,  the 
wheel  which  acts  as  a  mover  is  called  the  leader^  and  the  one 
upon  which  it  acts  the  follower. 

If  a  wheel  and  pinion  are  to  be  so  constructed  that  the  one 
shall  give,  and  the  other  receive,  impulse,  so  that  the  pinion 
shall  perform  four  revolutions  in  the  time  that  the  wheel  is 
performing  one,  they  must  be  represented  by  two  circles, 
which  are  in  proportion  to  each  other  as  four  is  to  one.  When 
these  two  circles  are  so  placed  that  their  outer  rims  shall 
touch  each  other,  a  line  drawn  from  the  centre  of  the  one  to 
the  centre  of  the  other  is  termed  the  line  of  centres  ;  and  the 
radii  of  the  two  circles  the  proportional  radii.  These  circles 
are  sometimes  called  proportional  circles ^  but  by  mill-wrights 
in  general  ^f/cA  lines. 

The  teeth  which  are  to  communicate  motion  must  be  form- 
ed upon  these  two  circles.  The  distance  from  the  centres  of 
two  circles  to  the  extremities  of  their  respective  teeth,  is  call- 
ed the  real  radii;  and,  in  practice,  the  distance  between  the 
centres  of  two  contiguous  teeth,  that  is,  the  distance  from  the 
centres  of  two  teeth  measured  upon  their  pitch  line,  is  called 
the  pitch  of  the  wheel.  The  straight  part  of  a  tooth  which  re- 
ceives the  impulse  is  called  the  ^a;2>^,  and  the  curved  part  that 
imparts  the  impulse,  \htface. 

Two  wheels  acting  upon  one  another  in  the  same  plane, 
having  their  axes  parallel  to  each  other,  are  called  spur  gar; 
when  their  axes  are  at  right,  or  other  angles,  bevelled  gccr. 

TO  DESCKIBi:  THE   CYCLOID  AND   EPICYCLOID. 

Fig.  37,  If  the  circle  1,  having  a  point  a  marked  on  its  cir- 
cumference,  moves  along  the  straight  line  A  C,  and  at  the 
same  time  revolves  on  its  axis,  the  curved  line  which  the  point 
a  describes  is  called  the  cycloid.  The  point  a  in  circle  1  is  at 
its  starting  place,  at  B  it  has  reached  its  greatest  height,  and 
at  C  its  lowest  depth ;  and  the  curved  line  ABC  described 
by  that  point,  is  the  cycloid. 

Fig.  38.  If  the  circle  1  rolls  on  another  circle,  as  on  the 
circumference  of  circle  2,  the  point  a  describes,  in  a  similar 
manner  to  the  preceding,  the  curve  aghdt^  and  the  circles 
3, 4,  5,  6,  exhibit  the  point  a  in  the  several  positions  of  a\  a\ 
a'yO* ;  c  a^  the  portion  of  circle  3  being  equal  to  c  a,  c''  a'  tn 
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.••  J,  c^tT^  to  c^fl,  and  c^fl*  to  c*a:  the  line  which  is  thus  de- 
»vi  ibcd  is  called  an  exterior  epicycloid.  But  if  the  circle  rolls 
mihin  another  circle,  as  the  circle  1,  fig.  39,  rolls  in  the  in- 
.Hulr  of  circle  2,  the  line  described  by  the  point  a  is  then  call- 
cil  an  interior  epicycloid. 

In  m^.  38,  the  circle  amn  is  called  the  generating  circle  of 
the  epicycloid^  and  that  portion  of  the  larger  circle  over  which 
the  generating  circle  rolls  in  one  revolution  the  base  of  the 
epicycloid.  In  the  interior  epicycloid  the  generating  circle  of 
tne  epicycloid  rolls  within  the  circle  of  its  base. 

An  epicycloid,  either  internal  or  external,  may  be  conceived 
to  be  formed  of  numerous  small  portions  of  circles,  whose 
radii  are  lines  drawn  from  the  several  points  of  contact,  as 
c,  c ',  c^,  c*,  c  being  the  centre  of  one,  c*  of  another,  and  r*  the 
centre  of  another,  so  that  these  lines  arc,  as  respects  those 
several  positions,  radii  of  each  circle,  and  perpendiculars  to 
the  epicycloid  ;  if,  therefore,  a  line  be  drawn  from  any  point 
where  the  generating  circle  is  in  contact  with  the  base  to  the 
point  which  traces  the  epicycloid,  it  will  fall  perpendicular  to 
the  epicycloid. 

As  the  several  lines  drawn  from  the  points  of  contact  of  the 
generating  circle  are,  in  all  cases,  the  varying  radii  for  gene- 
rating the  epicycloid,  it  is  plain  that  when  the  generating  cir- 
cle shall  have  passed  over  half  of  its  base,  and  consequently 
have  performed  half  of  a  revolution,  the  diameter  of  the  ge- 
nerating circle  shall  be  a  line  drawn  ifrom  the  point  of  contact 
to  the  generating  point,  and  which  line  shall,  if  prolonged, 
pass  through  the  centre  of  the  circle  of  the  base,  so  that  the 
tracing  point  in  that  part  of  the  epicycloidal  line  shall  be  far- 
ther from,  and  in  all  other  points  nearer  to,  the  base,  as  the 
perpendiculars  that  fall  upon  the  epicycloid  from  the  points  of 
contact  shall  in  every  other  position  be  shorter.  Suppose  the 
circle  1,  fig.  40,  to  be  a  generating  circle,  and  circle  2  to  be 
the  circle  of  the  base,  if  the  diameter  of  circle  1  be  equal  to 
the  radius  of  circle  2,  the  point  a  shall  trace  the  line  a^c  as 
an  interior  epicycloid  ;  for  if  the  diameter  of  circle  1  be  equal 
to  half  of  the  diameter  of  circle  2,  so  will  the  circumference 
of  circle  1  be  equal  to  half  of  the  circumference  of  circle  2, 
and  consequently,  when  the  generating  circle  1  shall  have  per- 
formed one  revolution  upon  the  circle  2,  as  its  base,  the  point 
a  shall  be  exactly  opposite  to  the  place  from  where  it  star'ed: 
now  the  diameter  of  circle  1  ?.9  equal  to  the  radius  of  circle  "2 
when  half  way,  and  the  tracing  point  is  exactly  in  the  centre 
of  circle  2,  which  proves,  that  the  cpicycloicl  traced  by  \\\v 
•  irclc  1  is  a  straight  line,  and  the  diametnr  of  circle  ?. 
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ON  THE  TEETH  OF  WHEELS. 

If  two  cylinders  be  placed  in  close  contact,  motion  cannot 
be  communicated  to  the  one  without  that  motion,  by  means  of 
the  irregularities  of  their  surfaces,  (of  which  we  have  spoken 
under  the  article  Friction,^)  being  communicated  to  the  other, 
and  the  smaller  cylinder  shall  perform  exactly  as  many  revo- 
lutions  to  one  revolution  of  the  larger  cylinder,  as  the  larger 
cylinder  contains  upon  its  circumference  so  many  measured 
circumferences  of  the  smaller  cylinder. 

Wheels,  however,  which  act  by  their  surfaces  only,  are  ill 
calculated  to  transmit  motion  to  any  considerable  extent,  as 
the  motion  which  the  follower  has  acquired  is  not  of  sufficient 
power  to  overcome  the  great  resistance  which  would,  in  such 
case,  be  opposed  to  it ;  consequently  it  becomes  necessary  to 
have  projections  or  teeth,  and  that  form  of  the  teeth  will  be 
the  best  which  causes  the  wheel  to  act  as  though  the  motion 
were  communicated  by  contact  of  the  pitch  lines. 

Spur  gear y  fig.  39*.  If  the  three  circles  1,  2,  3,  in  contact 
at  the  point  a,  be  made  to  revolve  about  their  centres,  so  that 
they  shall  continually  touch  at  the  point  a,  their  motions  will 
be  similar  to  what  would  have  been  generated  by  one  com- 
municating motion  to  the  other  two  by  contact ;  and  circle  3 
will  move  as  though  rolling  on  the  external  surface  of  circle  1, 
and  internal  surface  of  circle  2,  and  consequently  become  the 
generating  circle  of  the  exterior  epicycloid  on  circle  1,  and  the 
generating  circle  of  the  interior  epicycloid  on  circle  2.  As  the 
diameter  of  circle  3  is  equal  to  the  radius  of  circle  2,  the  in- 
terior epicycloid  will  be  a  straight  line  passing  through  B  the 
centre  of  circle  2 ;  and,  supposing  the  point  a  to  have  per- 
formed that  portion  of  a  revolution  which  places  it  at  K,  a 
portion  of  the  exterior  epicycloid  will  be  represented  by  the 
line  E  K,  and  a  portion  of  the  interior  epicycloid  by  D  K. 
Therefore,  as  the  epicycloids  D  K  and  £  K  are  both  generated 
by  one  motion  of  the  same  point  on  the  same  circle,  they  will 
continually  touch  at  the  generating  point,  and  the  total  sur- 
face of  £  K  will  pass  over  the  total  surface  of  D  K ;  and  if 
the  epicycloid  E  K  be  affixed  to  the  external  surface  of  cir- 
cle 1,  and  act  upon  the  portion  of  the  epicycloid  D  K,  it  will 
transmit  motion  to  circle  2,  as  though  that  motion  were  com- 
municated by  contact  of  the  pitch  lines ;  which  proves  that 
£  \i  presents  us  with  the  best  form  of  tooth,  and  which  tooth 
would,  when  acting  upon  the  radii  of  the  wheel  to  be  driven, 
move  it  as  though  the  motion  were  communicated  by  contact. 


2ii  i'UE  OPKUATIVE  MECHANIC 

Fig.  40*  represents  a  mode  of  forming  the  teeth  of  wheels 
when  they  are  to  act  upon  a  trundle.  Circle  1  represents  the 
pitch  line  of  the  wheel;  and  circle  2  the  pitch  line  of  the  trun- 
dle; which  are  supposed  to  act  by  contact  at  the  point  a. 
When  a  arrives  at  a\  it  will  have  traced  that  portion  of  an 
epicycloid  represented  by  a^  o^,  and  as  a  is  the  generating 
point  of  the  epicycloid,  the  distance  from  a  to  a%  and  froooi 
a  to  a^^  will  be  equal :  and  the  epicycloid  a^  a*,  being  ge- 
nerated by  the  proportional  circle  or  pitch  line  of  the  trundle, 
presents  us  with  the  properest  form  lor  the  tooth  of  a  wheel 
that  is  to  drive  a  trundle  with  circular  staves  posited  in  its 
pitch  line. 

We  shall  now  proceed  to  the  practical  mode  of  applying 
these  rules.  Let  circle  2  be  the  proportional  circle  or  pitch 
line  of  a  trundle;  and  circle  1  the  pitch  line  of  a  wheel  which 
is  to  drive  that  trundle :  and  by  the  revolutions  of  these  two 
circles  let  the  portion  of  an  epicycloid  a*  o^  be  generated, 
so  that  when  a  line  is  drawn  from  o^  to  the  centre  of  circle  1, 
it  will  intersect  that  circle  at  ^,  whose  distance  from  a^  is 
such,  that  when  the  semi-diameter  of  a  staiF  of  the  trundle 
is  subtracted  from  it,  the  remainder  will  be  equal  to  half  the 
intended  thickness  of  the  tooth  of  the  wheel.  Set  off  per- 
pendicularly to  the  epicycloid  inwards,  the  semi-diameter  of 
one  of  the  staves  at  so  many  points  that  you  will  be  able  to 
trace  through  the  points  thus  set  off,  a  Ime  parallel  to  the 
epicycloid  a^  a^,  which  line  will  be  the  face  of  the  tooth  of 
the  wheel,  being  less  than  the  tooth  formed  by  the  epicy- 
cloid a^  c?  by  the  semi-diameter  of  a  staff  of  the  trundle, 
indeed  the  diminution  must  be  rather  more,  as  the  width 
gg  must  be  made  sufficient  for  the  staves  to  clear  them- 
selves, as  the  whole  of  the  epicycloidal  line  must  act  upon 
their  surface. 

Fig.  41.  To  describe  the  teeth  of  a  wheel  for  a  trundle, 
by  means  of  circular  arcs,  let  us  suppose  A  B  to  be  the  line  of 
centres,  C  D  the  pitch  line  of  the  wheel,  E  F  the  pitch  line  of 
the  trundle,  and  the  centre  of  the  staff  G  to  be  in  the  line  of 
centres  A  B ;  then  by  placing  one  foot  of  the  compasses  in 
the  centre  of  the  staff  G,  we  can  describe  the  arc  m  n,  which 
is  the  form  of  the  face  of  a  tooth  sufficiently  near  that  of  an 
epicycloid  for  common  purposes. 

Fig.  42.  To  find  the  form  for  the  teeth  of  a  wheel  and  the 
leaves  of  a  pinion  which  are  to  act  together,  we  must  set  off  on 
the  pitch  lines  the  points  m  n  a^  and  p  q  r^  &c.,  according  to 
the  proper  thickness  of  and  distance  between  the  teeth  and 
leaves,  and  from  these  points  draw  radii,  to  serve  as  thtr 
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flanks  of  the  teeth.    The  spaces  must  be  of  sufficient  depth  to 
allow  for  the  action  of  the  curved  part  of  the  teeth  and  leaves. 

Then  with  the  generating  circle  1,  whose  diameter  is  equal 
to  the  proportional  radius  of  the  pinion,  describe  upon  the 
extremities  of  the  sides  of  each  tooth,  and  upon  the  circum- 
ference of  the  proportional  circle  of  the  wheel  as  a  base,  the 
epicycloids  a  &,  &  n;  and  with  the  generating  circle  2,  describe 
upon  the  proportional  circle  of  the  pinion  as  a  base,  the  epi- 
cycloid 7  D,  which  will  give  the  required  form  of  the  teeth 
aiid  leaves. 

For  if  the  projecting  epicycloid  a  h  push  against  the  radius 
fr  of  the  proportional  pinion,  the  wheel  and  pinion  will  move 
with  equal  velocity ;  and  a  similar  effect  will  be  produced  by 
the  epicycloid  /» D  being  pushed  by  the  radius  o  m  of  the  wheel 
towards  the  line  of  centres. 

Fig*  43.  When  one  wheel  is  to  conduct  another,  it  is  not 
necessary  that  the  wheel  to  be  conducted  should  have  teeth 
of  an  eptcycloidal  form ;  and  were  the  teeth  not  subject  to 
wear  by  friction,  there  would  be  no  occasion  to  extend  the 
teeth  of  the  conducted  wheel  beyond  the  pitch  line;  but  such 
being  the  case,  it  becomes  necessary  to  form  the  teeth  of  the 
conducted  wheel  in  the  manner  represented  in  the  figure  by 
the  dotted  lines. 

Mr.  Buchanan,  in  his  ^^  Essay  on  the  Teeth  of  Wheels,'' 
objects  to  this  mode  of  forming  the  teeth  of  the  conducted 
wheel,  and  recommends  that  a  trundle  or  wheel  with  cylindri- 
cal staves  should  be  adopted,  as  it  will  be  less  acted  upon  in 
approaching  the  line  of  centres,  and  consequently  have  less 
friction  than  a  pinion  or  wheel,  the  sides  of  whose  teeth  tend 
to  the  centre. 

"  This  will  appear,"  says  he,  "  by  fig.  44,  which  represents 
a  staff,  a,  of  a  trundle,  and  a  leaf,  ^,  of  a  pinion,  turning  round 
on  the  same  centre  A,  and  a  tooth  adapted  to  each,  turning 
on  a  common  centre  B.  The  thickness  of  each  of  the  teeth, 
and  the  proportional  circle  of  both  wheels,  are  the  same,  and 
the  proportional  circles  of  the  pinions  are  also  equal,  and 
teeth  are  each  made  of  the  greatest  length  which  the  inter- 
section of  the  curves  will  admit,  which  turns  out  considerably 
greater  in  the  tooth  adapted  to  the  staff.  The  shaded  parts 
represent  the  tooth  adapted  to,  and  acting  upon,  the  staff; 
and  the  dotted  lines  represent  the  tooth  adapted  to,  and  act- 
ing upon,  the  leaf.  The  teeth,  in  both  cases,  are  represented 
as  just  at  the  point  where  they  would  cease  to  move  the  leaves 
or  staves  uniformly ;  and  it  appears  the  staff  is  conducted 
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considerably  further  beyond  the  line  of  centres  than  the  leaf; 
hejdce  the  staff  will  be  less  acted  upon  in  approaching  the  line 
of  centres." 

As  the  trundle  in  common  use  is  very  weak  and  imperfect, 
Mr.  Buchanan  conceived,  that  a  wheel  might  be  made,  which 
would  combine  the  advantages  of  both  the  pinion  and  trundle, 
and  accordingly  had  some  wheels  made,  which  appeared  to 
answer  every  expectation. 

**  These  wheels,"  says  he,  "  were  made  of  cast  iron.  They 
were  each  cast  of  one  solid  mass.  Fig.  46,  No.  1,  represents 
the  edge  view,  and  No.  2,  a  section  of  one  of  them  ;  whereby 
is  shown  the  manner  in  which  the  teeth  are  supported,  like 
the  staves  of  a  trundle  at  each  end,  and  like  the  leaves  of  a 

Einion  at  the  roots,  but  so  very  thin  there,  as  to  run  no  risk  of 
aving  the  common  fault  of  pinions,  just  now  noticed.  They 
were  difficult  to  mould:  but  were  they  to  come  more  into  use, 
I  have  no  doubt  ingenious  workmen  would  soon  get  over  this 
obstacle."*  ^^  I  mentioned,"  he  continues,  *^  in  cases  where 
the  pinion  had  few  teeth,  that  in  the  conducted,  whether  wheel 
or  pinion,  staves  should  be  preferred ;  but  it  is  obvioas,  that 
the  method  just  described,  of  making  a  small  trundle  of  cast 
iron,  would  not  apply  to  a  wheel  of  a  great  number  of  staves. 
Nor  is  it  in  that  case  so  necessary,  as  the  greater  the  number 
of  teeth  are,  the  longer  they  will  be  in  losing  their  proper  figure. 
In  such  cases,  therefore,  staves,  strictly  speaking,  should  not 
be  used,  but  teeth  made  so  as  to  produce  the  same  effect 
— that  is,  having  their  acting  parts  of  the  figure  of  a  staff. 
Vi^hat  is  meant  will  be  better  understood  by  inspecting  fig. 
46,  where  the  lines  show  the  alteration  necessary  on  the 
tooth  A,  in  order  to  make  it  produce  the  effect  of  a  staff; 
which  staff  is  represented  by  the  faint  dots.  The  dotted  lines 
on  d  represent  the  alteration  requisite  to  adapt  it  to  the  staff, 
it  being  necessary,  as  formerly  proved,  to  have  it  a  different 
epicycloid  from  what  is  required  to  adapt  it  to  a  tooth  whose 
acting  part  is  a  straight  line,  tending  to  the  centre  of  its  pro- 
portional circle." 

**  Teeth,"  says  Mr.  Tredgold,  in  the  second  edition  of  Mr. 
Buchanan's  work,  ^^seem  to  be  very  well  adapted  for  va- 

•  By  casting  separate  plates  with  indents  to  fix  tlie  teeth,  and  bolting  them 
together,  the  pinion  might  be  made  sufficiently  strong:  snch  a  method  indeed 
is  used  frequently  in  crane-work,  where  it  has  the  important  advantage  of 
preventing  the  wheels  getting  out  of  gecr. 

N.  B.  This  note  is  by  Mr.  Tredgold,  editor  of  the  second  edition  of  Bu- 
chanan's "Practical  Essays  on  Mill-work." 
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riooi  purposes,  when  formed  on  the  principle  recommended 
in  the  preceding,  article.  I  therefore  will  endeavour  to  show 
a  simple  method  of  describing  such  teeth. 

^  It  must  be  observed,  that  the  teeth  to  resemble  staves  are 
to  be  alwaj^  on  the  conducted  wheel  or  pinion ;  thus  afford- 
ing the  peculiar  advanuge  of  the  wheel  and  trundle  in  either 
increasing  or  diminishing  velocity. 

^  Fig.  38.*  Let  the  teeth  be  divided  as  usual  on  the  pitch 
fines,  E  E,  B F;  and  on  the  conducted  wheel  C  describe  cir* 
cles,  as  though  there  were  to  be  staves.  Conceive  the  centre 
fif  one  of  these  staff  teeth  to  be  in  the  line  of  centres  at  A, 
and  draw  the  lind  A  B  joining  the  centres  of  the  staff  teeth. 
Then  the  radius  A^,  from  the  centre  A,  will  describe  the 
curved  side  ic  of  the  tooth  of  the  conductor,  and  the  curved 
-part  ^a  of  the  conducted  wheel.  And  since  this  radius  is 
equat  to  the  pitch  diminished  by  half  the  diameter  of  the  cir- 
cle of  the  staff  teeth,  and  the  centres  will  always  be  in  the 
pltdi  lines  of  the  wheels,  all  the  other  teeth  may  be  easily 
dciacribed." 

The  editor  then  enters  into  some  calculations,  which  the 
limits  of  our  lyrk  will  not  permit  us  to  pursue,  we  therefore 
refer  oor  readeA  to  the  work  itself,  which  embraces  much 
useful  information. 

Fig.  47.  When  a  pinion  is  required  to  have  but  a  slow  mo- 
tion, an  internal  pinion,  which  has  less  friction  than  the  ex- 
ternal one,  may,  in  many  cases,  be  adopted  with  advantage. 

To  illustrate  this,  let  A,  fig.  48,  be  the  proportional  circle 
or  pitch  line  of  ^  wheel,  B  that  of  an  external  pinion,  and  C 
that  of  an  internal  pinion,  all  at  contact  at  the  point  a:  now, 
if  motion  be  communicated  to  the  wheels,  so  that  they  move 
uniformly,  it  will  be  seen,  that  when  the  point  a  has  arrived 
zt  bcd^  each  of  the  wheels  having  travelled  over  an  equal  dis- 
tance from  the  line  of  centres  D,  the  space  from  6  to  c  is  much 
less  than  that  from  c  to  i/,  and  consequently  had  the  wheels 
moved  by  meaqs  of  teeth,  the  tooth  of  the  internal  pinion  C 
would  have  slid. over  a  smaller  part  of  a  tooth  of  the  wheel  A, 
than  a  tooth  of  the  external  pinion  fi,  which  proves  it  would 
have  had  less  velocity  and  less  friction. 

Fig.  49  represents  a  rack  and  pinion,  recommended  bv  Mr. 
Tredgold.  A  B  the  pitch  line  of  the  rack,  B  C  the  pitcn  line 
of  the  pinion,  and  the  form  of  the  tooth  C  D  is  the  involute 
of  a  circle  ;  but  when  the  rack  impels  the  pinion,  the  curved 
face  of  each  of  the  teeth  of  the  rack  should  be  a  portion  of  a 
cycloid,  (as  A,  a,  fig.  37,)  and  the  leaves  of  the  pinion  straight 
lines  radiating  from  the  centre  of  the  pinion  i  the  diameter 
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of  the  generating  circle  for  describing  the  cycloidal  teeth 
should  be  half  the  proportional  diameter  of  the  pinion.  See 
BuchanarCa  Practical  Essays  on  MilUwori.  Tredgold's  edi- 
tion. 

Bevel  geer, — ^We  have  already  stated,  that  when  the  axes 
of  wheels  are  angular  to  each  other,  they  are  called  bevel 
geer,  in  order  to  distinguish  them  from  spur  geer,  whose 
axes  are  parallel;  it  therefore  now  remains  for  us  to  describe 
in  what  manner  the  teeth  of  bevel  geer  differ  from  the  teeth 
of  spur  geer. 

Bevel  geer  is  represented  by  the  two  cones  at  fig.  50,  where 
A  B  and  B  C  are  the  axes,  and  D  £  and  E  F  their  propor- 
tional diameters  or  pitch  lines. 

If  these  two  cones  are  placed  in  close  contact,  and  motion 
is  communicated  to  the  one,  that  motion  wilU  as  is  already 
stated,  be  communicated  to  the  other,  and  the  motion  of  both, 
as  we  have  shown,  when  speaking  of  spur  geer,  will  be 
equal. 

The  epicycloid  for  forming  the  teeth  of  bevel  geer,  is 
generated  by  one  cone  rolling  upon  the  surface  of  another, 
while  their  summits  coincide :  for  example,  i^  a  cone  C,  fig. 
51,  having  a  point  a,  move  upon  the  surface  of  the  cone  D, 
the  point  a  will,  in  its  revolutions,  describe  the  line  A  E  F, 
A  being  the  place  from  where  it  starts,  E  its  greatest  height, 
and  F  its  lowest  depth ;  therefore  a  curved  line  drawn  from 
A  to  E,  and  continued  from  £  to  F,  gives  what  is  called  a 
spherical  epicycloid;  and  the  base  of  the  cone  C  is  the  gene^ 
rating  circle  of  the  spherical  epicycloid.  The  method  of 
using  the  spherical  epicycloid  for  forming  the  teeth  of 
bevel  geer  is,  in  every  respect,  similar  to  the  method  of 
using  the  exterior  and  interior  epicycloid  for  forming  the 
teeth  of  spur  geer,  consequently  it  will  be  needless  to  re- 
peat it. 

Fig.  52.  To  construct  bevel  geer  we  must  calculate  the 
proportional  diameters  or  pitch  lines  of  the  wheel  and  pinion 
that  are  to  act  upon  each  other,  and  then  draw  their  axes 
AB  and  BC.  Draw  parallel  to  the  axis  AB  of  the  wheel 
the  line  D  £,  and  the  line  F  D  parallel  to  the  axis  of  the 
pinion,  and  from  the  point  D,  where  these  two  lines  inter- 
sect, draw  the  line  D  G  perpendicular  to  A  B,  and  D  H  per- 
pendicular to  B  C,  and  make  I  G  equal  to  D  I,  and  K  H  equal 
to  D  K ;  then  D  G  gives,  what  is  called  the  principal  diameter^ 
or  diameter  of  the  pitch  line  of  the  wheels  and  D  H  that  of  the 
pinion. 

Proceed  to  draw  the  teeth  of  the  wheel,  by  fixing  one 


AND  MACHINIST.  S9 

foot  of  the  compasses  in  the  point  at  A,  and,  havinff  extend- 
ed the  other  foot  to  the  distance  G,  sweep  the  small  arc  G  a, 
then  set  ofF  the  length  of  the  tooth  from  G  to  b^  draw  the  line 
b  c,  tending  to  a,  and  sweep  the  arc  c  e^  concentric  to  b  a.  Set 
oiFfrom  G  to/ part  of  the  required  length  of  the  tooth,  from 
the  principal  diameter  to  the  root;  and  draw  the  line  fff 
tending  to  A,  which  gives  the  root  of  the  tooth.  Parallel  to 
yg-^  draw  a  e^  and  af  ge  will  represent  a  section  of  the  solid 
ring  of  the  wheel. 

In  an  excellent  article  on  mill-work,  in  Dr.  Rees's  Cyclo" 
petiia^  the  author  states,  ^^that  the  manner  of  setting  out 
the  teeth  of  cog-wheels,  in  such  a  form  that  they  shall  act  in 
the  most  equable  manner  upon  each  other,  and  with  the 
least  friction,  has  been  a  subject  of  much  investigation 
among  mathematicians  and  theoretic  mechanics ;  but  the 
practice  and  observation  of  the  mill-wrights  have  produced  a 
method  of  forming  cog-wheels,  which  answers  nearly,  if  not 
fully,  as  well  in  practice,  as  the  geometrical  curves  which 
theory  has  pointed  out  to  be  the  most  proper.  This  they 
have  effected  by  making  the  teeth  of  the  modern  wheels  ex- 
tremely small  and  numerous.  In  this  case,  the  time  of  action 
in  each  pair  of  teeth  is  so  small,  that  the  form  of  them  be- 
comes comparatively  of  slight  importance ;  and  the  practical 
methods  of  the  mill-wrights,  (using  arcs  of  circles  for  the 
curves,)  approximates  so  nearly  to  the  truth,  that  the  dif- 
ference is  of  no  consequence :  and  this  method  is  the  best, 
because  it  so  easily  gives  the  means  of  forming  all  the  cogs 
exactly  alike,  and  precisely  the  same  distance  asunder,  which, 
by  the  application  of  any  other  curve  than  the  circle,  is  not 
so  easy.  The  method,  which  is  extremely  simple,  is  explain- 
ed in  fig.  53.  The  wheel  being  made,  and  the  cogs  fixed  in 
much  larger  than  they  are  intended  to  be,  a  circle,  a  a,  is 
described  round  the  face  of  the  rough  cogs  upon  its  pitch 
diameter^  that  is,  the  geometrical  diameter,  or  acting  line  of 
the  cogs  ;  so  that  when  the  two  wheels  are  at  work  together, 
the  pitch  circles,  a  a,  of  the  two  are  in  contact.  Another 
circle,  b  6,  is  described  within  the  pitch  circle  for  the  bottom 
of  the  teeth,  and  a  third,  dd^  without  it,  for  the  extremities. 
After  these  preparations,  the  pitch  circle  is  accurately  di- 
vided into  the  number  which  the  wheel  is  intended  to  have : 
a  pair  of  compasses  are  then  opened  out  to  the  extent  of  one 
and  a  quarter  of  these  divisions,  and  with  this  radius  arcs  are 
struck  on  each  side  of  every  division,  from  the  pitch  line  a, 
to  the  outer  circle  d  d.  Thus  the  point  of  the  compasses 
being  set  in  the  division  e^  the  curve  fg^  on  one  side  of  the 
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cog,  and  n  o  on  one  side  of  the  other,  are  described ;  then 
the  point  of  the  compasses  being  set  on  the  adjacent  divi- 
sion i,  the  curve  l^m  is  described.  This  completes  the 
curved  portion  of  the  cogs  r,  and  this  being  done  all  round 
completes  every  tooth  ;  the  remaining  portion  of  the  cog 
within  the  circle  a,  is  bounded  by  two  straight  lines  drawn 
-from  the  points  g  and  m  towards  the  centre ;  this  being 
done  to  the  cogs  all  round,  the  wheel  is  set  out,  and  the  cogs, 
being  dressed  or  cut  down  to  the  lines,  will  be  formed  ready 
for  work,  every  cog  being  of  the  same  breadth;  and  the  space 
between  every  one  and  its  neighbour  is  exactly  equal  to  the 
breadth,  provided  the  compasses  are  opened  to  the  extent  of 
one  division  and  a  quarter  as  first  described." 

COUPLINGS. 

Coupling  boxes  are  used  to  connect  the  shafts  of  wheels ; 
they  are  either  round  or  square,  and  with  single  or  double 
bearings.  The  square  coupling  with  double  bearings,  is 
represented  in  fig.  54,  where  B,  between  the  bridges  C  D, 
18  a  square  shaft  with  the  coupling  box  resting  upon  it,  ready 
to  be  thrust,  when  occasion  requires  it,  upon  the  shaft  A, 
which  is  out  of  geer,  and  to  which  it  can  be  fastened  by  means 
of  a  pin,  as  shown  at  F,  where  the  shafts  are  in  geer.  The 
round  coupling,  represented  in  fig.  5S^  is,  when  fastened  on  the 
shafts,  engaged  by  two  bolts  A  B,  and  C,  which  pass  through 
the  box  at  right  angles  to  each  other,  and  one  of  them 
through  each  of  the  shafts.  As  it  is  almost  impracticable  to 
form  the  axes  of  two  shafts  with  such  accuracy  that  they  shall 
present  one  truly  straight  line  ;  and  as  the  shafts  will,  though 
made  never  so  accurate,  wear  unequally,  both  these  couplings 
have  been  found  to  be  somewhat  disadvantageous  in  mill- 
work.  The  square  coupling  with  one  bearing,  is  decidedly 
superior  to  either  of  the  above-mentioned,  as  it  possesses,  to 
a  certain  degree,  the  property  of  being  flexible  in  all  directions. 
In  conveying  motion  through  a  great  length  of  shafts,  where 
there  is  but  little  lateral  pressure,  it  can  be  used  to  great  advan- 
tage ;  but  where  there  is  much  lateral  pressure  the  sockets  are 
found  to  wear  away  and  get  loose,  which  occasions  a  hobbling 
and  inaccurate  motion.  A  longitudinal  section  of  this  coupling 
is  represented  in  fig.  56,  where  A  is  the  square  of  one  shaft, 
B  the  square  of  the  other,  C  C  the  coupling  box,  and  D  D 
two  pins,  one  of  which  passes  through  each  square  of  the 
shafts,  in  order  to  support  the  square  B  in  a  line  with  the 
square  A.  Sometimes  the  square  B  is  held  in  a  line  with  the 
square  A  by  means  of  a  round  projection  F|  from  the  centre 
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of  the  square  A,  entering  into  a  round  hole  in  the  centre  of 
the  square  B. 

Clutches  or  glands  may  be  used  with  much  advantage  as  a 
coupling  for  double  bearings.  Fig.  57  represents  a  coupling 
of  this  kind ;  it  consists  of  two  crosses,  A  A,  and  B  B,  one 
fixed  to  each  shaft :  B  B  has  its  ends  bended  forward,  and  lays 
hold  of  A  A,  which  turns  that  shaft  round.* 

In  boring-mills  two  kinds  of  clutches  arc  used.  The  one 
for  the  smaller  kinds  of  work  is  represented  in  fig.  58.  A  B  is 
a  round  plate  of  cast  iron  fixed  firmly  on  the  shaft  C;  D  E  a 
level'  fixed  to  the  shaft  H  by  the  bolt  F,  and  capable  of  being 
moved  in  the  direction  of  the  plate  A  B,  so  that  it  can  lay 
hold  of  the  projections  G  G  G  G,  which  will  admit  the  boring 
shaft  H  to  be  thrown  in  and  out  of  geer  at  pleasure. 

The  second  kind  of  boring-mill  clutch,  or  the  one  that  is 
used  to  bore  the  largest  cylinders,  is  represented  in  fig.  59. 
The  only  difference  between  this  clutch  and  the  one  just  de- 
scribed, consists  in  having  the  lever  D  £  to  turn  on  a  bolt  at 
F  in  a  cast  iron  plate  I  K  L,  instead  of  hanging  from  the  shaft 
H.  Three  spare  sets  of  ears,  which  are  cast  on  the  plate,  to 
be  used  in  case  of  those  in  action  breaking,  support  the  lever 
near  the  point  of  pressure,  and  take  the  stress  entirely  off  the 
bolt  F. 

When  an  engine  is  started,  it  frequently  happens  that  the 
crank  is  on  the  wrong  side  of  the  axis  of  the  fiy-wheel,  so  that 
both  that  and  the  shaft  make  one  or  two,  and,  if  the  attend- 
ant is  negligent,  several,  revolutions  in  the  wrong  direction. 
To  prevent  the  mischief  that  would  accrue  from  such  an  oc- 
currence, a  coupling,  as  is  represented  in  fig.  60,  is  intro- 
duced. A  and  B  are  two  vertical  shafts,  maintained  in  the 
same  line  by  a  small  circular  pin,  which  passes  from  the  shaft 
B  into  a  cavity  on  the  shaft  A,  which  cavity  is  large  enough 
to  admit  the  pin  to  lay  in  it  without  communicating  motion 
to  the  shaft  A.  The  shaft  B,  which  is  connected  with  the 
moving  power,  has  a  coupling  piece  with  prominences  or 
teeth,  perpendicular  on  the  one  side,  and  inclined  on  the 
other,  fixed  on  its  upper  end.  The  coupling  or  catch  box 
C,  which  is  capable  of  sliding  freely  up  and  down  the  square 
part  of  the  shaft  A,  has  a  correspondent  set  of  teeth ;  by 
which  it  is  evident,  that  when  the  shaft  B  turns  the  right 
way,  the  perpendicular  sides  of  the  teeth  of  the  respective 
coupling  pieces  will  act  together,  and  carry  round  the  upper 

•  Fop  a  method  of  constructing  glands  wc  must  refer  our  readei's  to  Buc- 
hanan's EMsays  on  Miil-^cork. 
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shaft  A;  but  when  B  turns  in  a  contrary  direction,  the  inclined 
sides  of  the  teeth  of  the  catch-box  will  slide  over  the  inclined 
sides  of  the  teeth  of  the  piece  on  the  shaft  B,  and  cause  the 
catch-box  C  to  move  up  and  down  without  communicating 
motion  to  the  shaft  A. 

Fig.  61  represents  the  coupling  link  used  by  Messrs.  Boul- 
ton  and  Watt  in  their  portable  steam-engines.  A,  a  strong 
iron  pin,  projecting  from  one  of  the  arms  of  the  fly-wheel  B ; 
D  a  cranic  connected  with  the  shaft  C ;  and  £  a  link  to  couple 
the  pin  A  and  the  crank  D  together,  so  that  motion  miyf  be 
communicated  to  the  shaft  C. 

Hook's  universal  joints  are  sometimes  used  to  communicate 
motion  obliquely  instead  of  conical  wheels.  Fig.  62  repre- 
sents a  single  universal  joint,  which  may  be  employed  where 
the  angle  does  not  exceed  forty  degrees,  and  when  the  shafts 
are  to  move  with  equal  velocity.  The  shafts  A  and  B,  being 
both  connected  with  a  cross,  move  on  the  rounds  at  the  points 
C  E  and  D  F,  and  thus,  if  the  shaft  A  is  turned  round,  the 
shaft  B  will  likewise  turn  with  a  similar  motion  in  its  respec- 
tive position. 

The  double  universal  joint,  fig.  63,  conveys  motion  in  dif* 
ferent  directions  when  the  angle  is  between  50  and  90  degrees. 
It  is  at  liberty  to  move  on  the  points  G,  H,  I,  K,  connected 
with  the  shaft  B;  also  on  the  points  L,M,N,  I,  connected 
with  the  shaft  A:  thus  the  two  shafts  are  so  connected,  that 
the  one  cannot  turn  without  causing  the  other  to  turn  likewise. 
These  joints  may  be  constructed  by  a  cross  of  iron,  or  with 
four  pins  fastened  at  right  angles  upon  the  circumference  of 
a  hoop  or  of  a  solid  ball :  they  are  of  great  use  in  cotton  mills, 
where  the  tumbling  shafts  are  continued  to  a  great  distance 
from  the  moving  power ;  for  by  applying  a  universal  joint, 
the  shafts  may  be  cut  into  convenient  lengths,  and  so  be  en- 
abled to  overcome  a  greater  resistance. 

OF  DISENGAGING  AND  REENGAGING  MACHINERY. 

A  KNOWLEDGE  of  the  best  methods  of  disengaging  and  re- 
engaging machinery,  or,  as  the  workmen  call  it,  throwing  in 
and  out  of  geer,  is  found  to  be  highly  necessary  in  most  manu- 
fiictories;  and  yet  it  frequendy  happens  that  the  workmen  are 
either  very  ignorant  of,  or  very  inattentive  to,  this  important 
subject. 

Matter  possesses  a  certain  property  termed  inertia^  which 
has  a  tendency  to  maintain  it  in  the  state  in  which  it  actually 
is;  that  is  to  say,  if  a  body  is  set  in  motion,  this  property  has 
a  tendency  to  maintain  it  for  ever  in  that  state,  and  certainly 
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would,  were  it  not  gradually  overcome  by  friction,  or  suddenly 
stopped  by  some  stronger  power;  the  same  may  be  said  of  a 
body  in  a  state  of  rest,  as  this  property  would  ever  maintain 
it  in  that  state,  were  not  some  stronger  force  applied  to  set  it 
in  motion.  Such  being  the  case,  it  frequently  occurs,  when 
powerful  machinery  is  moving  with  some  velocity,  and  another 
part,  which  is  out  of  geer,  is  suddenly  connected  with  it,  or 
thrown  in  geer,  that  the  shock  proceeding  from  inertia 
snaps  the  teeth  of  the  wheels,  or  causes  destruction  to  some 
other  part  of  the  machinery.  To  obviate  this  as  much  as 
possible,  such  means  should  be  resorted  to,  as  have  been 
found  in  practice  to  answer  best.  The  risk  of  breaking 
the  teeth  may  be  considerably  lessened  by  first  setting 
the  wheel,  that  is  to  be  thrown  in  geer,  in  motion  by  the 
hand. 

The  methods  that  have  been  adopted  for  throwing  ma- 
chinery in  and  out  of  geer  are  various ;  some  of  the  princi- 
pal of  which  we  shall  now  proceed  to  notice . 

Fig.  6^ represents  the  sliding  pulley.  P  a  pulley,  having 
a  hoUow  cylindrical  bush  made  so  that  it  can  revolve  easily 
upon  the  axle  and  slide  backward  and  forward  upon  it ;  B  a 
part  of  the  bush  projecting  on  one  side  of  the  pulley,  having 
a  groove  sufficiently  large  to  admit  the  lever  L  to  lay  in  it 
without  impeding  its  motion ;  C  G  a  cross  or  gland  fixed 
firm  to  the  axle ;  and  I,  one  or  more  teeth,  projecting  from 
the  pulley  on  the  side  opposite  to  the  bush.  When  the  axle 
A  D  is  required  to  be  put  in  motion,  the  lever  L  must  be 
moved  towards  the  cross  or  gland  C  G,  so  that  the  teeth 
upon  the  pulley  may  catch  hold  of  and  carry  it  round  with  it. 

The  fast  and  loose  pulley  is  represented  in  fig.  65.  B  is  a 
pulley  firmly  fixed  on  the  axle  A,  and  C  a  pulley  with  a  bush, 
so  that  it  can  revolve  upon  the  axle  A  without  communicating 
motion  to  it.  This  contrivance  is  remarkable  for  its  beauti- 
ful simplicity,  as  the  axle  A  can  be  thrown  in  and  out  of 
geer  at  pleasure,  without  the  least  shock,  by  simply  passing  a 
strap  from  the  one  pulley  to  the  other. 

The  bayonet  in  its  construction,  somewhat  resembles  the 
sliding  pulley.  It  is  shown  in  fig.  66.  A  is  a  pulley  or 
binder,  connected  with  the  moving  machinery  by  means  of  a 
strap,  and  revolving  upon  the  horizontal  shaft  B  C,  which  is 
out  of  geer  ;  D  E  is  a  pulley  or  wheel,  made  of  either  metal 
or  wood,  fixed  firmly  to  the  horizontal  shaft,  and  having  two 
holes  to  allow  the  legs  of  the  bayonet  to  pass  through  ;  F  G 
is  the  bayonet,  having  a  bush,  and  capable  of  being  moved 
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backward  and  forward  upon  the  horizontal  shaft  by  pushing 
the  handle  H  H ;  so  that  when  the  shaft  B  C  is  required 
to  be  put  in  motion,  the  attendant  has  only  to  push  the 
bayonet  into  the  pulley  D  £,  which  will  immediately  carry  it 
round. 

Fig.  67  represents  one  of  the  simplest  ways  of  disengaging 
and  reengaging  wheels.  A  B,  the  bridge  of  the  wheel. 
No.  I9  acts  as  a  lever,  having  its  fulcrum  at  A ;  the  other 
end  of  the  bridge  B  is  capable  of  being  lifted  by  the  key 
K  K.  When  the  wheel,  No.  2,  is  required  to  be  thrown  out 
of  geer,  the  key  K  K  is  pressed  downwards,  and  the  end  of 
the  bridge  B  rests  upon  the  extreme  end  of  the  key,  as  shown 
by  the  dotted  lines. 

The  tightening  roller  is  represented  in  fig.  68.  A  and  B 
are  two  puUies,  the  one  to  receive,  and  the  other  to  transmit, 
motion,  by  means  of  the  strap  C  :  D  is  the  tightening  roller, 
fastened  to  a  movable  arm  E,  and  connected  with  a  lever 
G  F.  When  the  moving  pulley,  (suppose  A,)  is  required  to 
give  motion  to  the  other  pulley  B,  the  lever  G  F  must  be 
pushed  downwards,  which  will  tighten  the  strap  by  placing 
the  tightening  roller  in  the  position  represented  by  the  dotted 
lines,  and  cause  the  pulley  A  to  carry  the  pulley  B  round 
with  it. 

The  friction  clutch,  represented  in  fig.  69,  is  used  to  dis- 
engage and  reengage  machinery,  when  the  velocity  of  the 
moving  parts  is  very  great.  A  is  a  pulley,  having  a  bush, 
and  revolving  freely  on  the  shaft  SS:  B  is  another  pulley, 
having  a  similar  bush,  and  also  capable  of  revolving  on  the 
shaft :  C  C  is  a  dish-spring,  secured  in  its  place  by  the  pin 
pp^  and  forcing  the  pulley  B  against  the  collar  D,  which  is 
fixed  permanently  to  the  shaft.  When  motion  is  required 
to  be  communicated  to  the  shaft  S  S,  the  pulley  A  is  moved 
towards  the  pulley  B,  and  the  teeth  projecting  from  the  side 
of  the  pulley  A,  clasps  those  of  the  pulley  B,  and  carries  it 
round  with  it ;  and  the  friction  of  the  pulley  B  against  the 
collar  D,  gradually  overcomes  the  inertia,  and  carries  the 
shaft  and  connecting  machinery  also  round. 

The  friction  clutch,  represented  in  fig.  70,  is  a  verj^  excel- 
lent contrivance,  as  it  prevents  all  those  injurious  shocks  which 
the  niachinery  is  apt  to  receive  upon  being  thrown  into  geer. 
C  C  is  a  cross  fixed  firm  on  the  moving  shaft  A ;  and 
E  is  a  pulley  or  drum  fixed  firm  on  the  shaft  to  be  moved,  B. 
When  the  shaft  B  is  required  to  be  moved,  the  clutch  or 
bayonet  K  is  made  to  pass  through  the  arms  of  the  cross,  C  C, 
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and  clasp  the  screw-hoop  1 1,  which  is  by  that  means  carried 
round  with  the  shaft  A,  and  the  friction  caused  by  the  screw- 
hoop  1 1,  turning  upon  the  drum  or  pulley  £,  causes  the  drum 
and  the  shaft  B,  to  which  it  is  attached,  to  turn  likewise. 

The  friction  cone  is  very  similar  in  its  effects  to  the  friction 
clutch.  On  the  moving  shaft  A,  fig.  71,  is  fixed  a  cone  C; 
and  on  the  shaft  B  is  another  cone  D,  made  to  fit  in  the  cone 
C.  The  cone  D  is  movable  on  a  square  part  of  the  shaft  B, 
and  may,  by  a  lever,  be  moved  in  and  out  of  geer.  When  the 
cone  D  is  moved  forward,  the  cone  C  receives  motion  by  its 
internal  surface. 

Id  fig.  72  is  represented  the  self-disengaging  coupling. 
Two  shafts,  A  and  B,  have  each  of  them  a  cast  iron  wheel, 
with  four  oblique  wrought  iron  teeth  ;  but  the  wheel  on  the 
shaft  B  is  movable,  on  A  it  is  fixed.  When  the  coupling  is  en- 
gaged, the  teeth  of  the  wheel  C  lay  hold  of  the  teeth  of  the 
wheel  D,  and  carry  it,  and  the  shaft  A,  round  with  the  shaft 
B.  £  F  G  is  a  bent  lever,  having  its  fulcrum  at  F,  which, 
during  the  ordinary  stress  on  B,  keeps  forward  the  bayonet  C, 
by  the  weight  of  the  part  F  G ;  but  when  a  more  than  usual 
stress  comes  on  the  shaft  B,  the  pressure  on  the  oblique  teeth 
forces  the  bayonet  back,  and  disengages  the  coupling,  and  the 
lever  is  held  by  a  catch  until  the  coupling  is  reengaged  by 
the  hand  of  the  workman. 

ON  EqUALIZING  THE  MOTION  OF  MACHINERY. 

The  regulation  of  the  velocity  of  a  mill  is  a  matter  of  very 
great  importance  to  preserve  an  uniformity  of  motion,  either 
when  the  force  of  the  first  mover  is  fluctuating,  or  when  the 
resistance  or  work  of  the  mill  varies  in  its  degree:  either  or  both 
of  these  causes  will  occasion  the  mill  to  accelerate  or  diminish 
its  velocity;  and  in  many  instances  it  will  have  a  very  injurious 
effect  upon  the  operations  of  the  mill.  Thus,  in  a  mill  for 
spinning  cotton,  wool,  flax,  &c.  driven  by  a  water-wheel,  are 
a  multiplicity  of  movements,  many  of  which  are  occasionally 
disengaged,  in  different  parts  of  the  mill,  for  various  purposes. 
This  tends  to  diminish  the  resistance  to  the  first  mover,  and 
the  whole  mill  accelerates.  Or,  on  the  other  hand,  the  head 
of  water  which  drives  the  wheel,  may  be  liable  to  rise  and 
fall  suddenly,  from  many  causes,  which  great  and  rapid  rivers 
are  subject  to,  and  cause  similar  irregularities  in  the  speed  of 
the  wheel.  For  such  cases  judicious  mechanics  have  adopted 
contrivances,  or  regulators,  which  counteract  all  these  causes 
of  irregularity;  and  a  large  mill,  so  regulated,  will  move  like 
a  clock,  with  regard  to  its  regularity  of  velocity.     These 
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regulators  are  usually  called  governors^  and  are  made  on 
different  principles.  Those  most  generally  used  are  called 
flying-balls,  operating  by  the  centrifugal  force  of  two  heavy 
balls,  which  are  connected  and  I'evolve  with  a  vertical  axis. 
Fig.  189,  steam-engine,  is  the  simplest  form  of  this  ingenious 
apparatus:  A  A  is  the  vertical  axis,  which  is  constantly  revolv- 
ing by  the  machinery;  at  a  a  i^o  arms  or  pendulums,  ab^ab^ 
are  jointed,  and  carry  at  their  extremities  a  heavy  metal  ball 
each,  as  ^,  b:  from  the  pendulum  two  chains  or  iron  rods, 
dd^  proceed,  and  suspend  a  collar  ^,  which  slides  freely  up 
and  down  the  axis,  and  has  a  groove  formed  all  round  it,  ia 
which  the  end  of  a  forked  lever,  D,  is  received;  and  thus  the 
rising  and  the  falling  of  the  collars,  produces  a  corresponding 
motion  of  the  end  of  the  lever  D;  but  the  collar  is  always  at 
liberty  to  turn  round  with  the  axis  freely  within  the  fork, 
at  the  extremity  of  the  lever.  The  operation  of  the  governor 
is  this:  when  the  vertical  axis  is  put  in  motion,  the  centri- 
fugal force  of  the  balls  ^,  ^,  causes  them  to  recede  from  the 
centre;  and  as  this  is  done  both  together,  they  cause  the 
collar  ^,  and  the  end  of  the  lever,  to  rise  up :  the  balls  fly  out 
to  a  certain  height,  and  there  they  continue  as  long  as  the 
axis  preserves  the  same  velocity ;  as  it  is  the  property  of  a 
pendulous  ball,  like  b^  to  make  a  greater  effort  to  return  to 
the  perpendicular,  in  proportion  as  it  is  removed  farther  from 
it,  in  consequence  of  the  suspending  rod  being  more  inclined, 
and  bearing  less  of  its  weight.  The  weight  of  the  balls  to 
return  to  the  axis  may  be  considered  as  a  constantly  increasing 
quantity;  while  the  quantity  of  the  centrifugal  force,  causing 
them  to  recede  from  the  axis,  depends  exactly  upon  the 
velocity  given  them.  But  this  velocity  increases  as  they  open 
out,  independently  of  any  increased  velocity  of  the  axis,  in 
consequence  of  their  describing  a  larger  circle.  The  com- 
bination of  these  oppositely  acting  forces  causes  the  governor 
to  be  a  most  sensible  and  delicate  regulator.  Thus:  suppose 
the  balls  hanging  perpendicular  put  the  axis  in  motion  with 
a  certain  velocity,  the  centrifugal  force  will  cause  the  balls 
to  fly  out;  and  this  increasing  their  velocity,  (by  putting 
them  farther  from  the  centre,  and  causing  them  to  revolve  in 
a  larger  circle,)  gives  them  a  greater  centrifugal  force,  which 
would  carry  them  still  farther  from  the  centre,  but  for  the 
counteracting  force,  viz.*  the  weight  of  the  balls  tending  to 
return.  This  is,  as  before  stated,  an  increasing  quantity, 
and  consequently  these  opposite  forces  come  to  a  point  where 
they  balance  each  other ;  that  is,  the  balls  fly  out  till  their 
weight  to  return  balances  the  centrifugal  force.    But  if  the 
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slightest  alteration  takes  place  in  the  velocity  of  the  axis,  the 
equilibrium  is  destroyed  by  the  increase  or  diminution  of  the 
centrifugal  force,  and  the  balls  alter  their  distance  from  the 
centre  accordingly,  and,  by  elevating  or  depressing  the  end 
of  the  lever,  operate  upon  some  part  of  the  mill  to  rectify  the 
cause  of  the  irregularity.  In  a  steam-engine,  the  lever  acts 
upon  a  vane  or  door  situated  in  the  passage  of  the  steam  from 
the  boiler  to  the  cylinder ;  and  if  the  mill  loses  in  velocity, 
from  an  increase  of  resistance,  the  balls  fall  together  a  little, 
and  the  consequent  fall  of  the  lever  opens  the  door  or  throttle- 
valve  a  little  wider,  and  gives  a  stronger  supply  of  steam  to 
restore  the  mill  to  its  original  velocity.  On  the  other  hand, 
if  the  mill  accelerates,  the  balls  open  out  and  then  close  the 
vane,  so  as  to  moderate  the  supply  of  steam. 

A  water-wheel  is  not  so  easily  regulated  by  the  governor, 
because  the  shuttle  of  a  large  wheel  requires  a  much  greater 
force  to  raise  or  lower  it,  when  the  water  is  pressing  against 
it,  than  the  lever  D,  can  at  any  time  possess ;  it  therefore  be- 
comes requisite  to  introduce  some  additional  machinery, 
which  has  sufficient  power  to  move  the  shuttle,  and  this  is 
thrown  in  or  out  of  action  by  the  flying  balls.  The  simplest 
contrivance,  and  that  which  we  believe  was  the  regulator  first 
used  for  a  water-wheel,  was  erected  at  a  cotton-mill  at  Belper, 
in  Derbyshire,  belonging  to  Mr.  Strutt.  A  square  well,  or 
large  cistern,  was  situated  close  by  the  water-wheel :  it  had  a 
pipe  leading  from  the  mill-dam  into  it,  to  admit  water;  and 
another  pipe  from  it  to  the  mill-tail,  to  take  the  water  away : 
both  were  closed  at  pleasure  by  cocks  or  sluices.  Within  the 
well  was  a  large  floating  chest,  very  nearly  filling  up  the 
apace  :  it  of  course  rose  and  fell  with  the  water  in  the  cistern, 
and  had  a  communication  by  rack  and  wheel-work  with  the 
machinery  for  drawing  the  shuttle,  so  that  the  rise  and  fall  of 
the  floating  chest  elevated  and  depressed  the  shuttle  of  the 
wheel.  The  lever  of  the  governor  was  connected  with  the 
cocks  in  the  two  pipes  in  such  a  manner,  that  when  the  mill 
was  going  at  its  intended  velocity,  both  of  the  cocks  were 
shut ;  but  if  the  water-wheel  went  too  slowly,  the  falling  of 
the  balls  and  descent  of  their  lever  D,  opened  the  cock  in  the 
pipe  of  supply,  and,  by  letting  water  into  the  well,  raised  the 
float,  and,  with  it,  the  shuttle,  to  let  more  water  upon  the 
wheel,  till  it  acquired  such  a  velocity  that  the  balls  began  to 
open  out  again,  and  thus  shut  the  cock :  on  the  other  hand,  if 
the  mill  went  too  fast,  the  balls  opened  the  pipe  of  exit  from 
the  well,  and  then  the  sinking  of  the  float  closed  the  shuttle 
till  the  true  velocitv  was  restored. 
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Since  this  first  application  of  the  regulator  to  the  water- 
whecl,  the  manner  of  its  operation  has  been  greatly  varied ; 
and  as  the  same  mechanism  is  applicable  to  any  kind  of  mill- 
work,  we  shall  give  a  slight  sketch  of  it.  Suppose  A,  fig.  74, 
an  axis,  receiving  its  motion  from  the  mill  by  wheel-work; 
it  is  provided  with  a  pair  of  governors,  ab^ab^  constructed 
like  those  before  described;  and  at  the  lower  part  of  the 
spindle  is  a  bevelled  wheel,  R,  turning  two  others,  B  and  C, 
situated  upon  one  spindle,  D,  which  goes  away,  and  commu- 
nicates motion  to  the  racks  of  the  shutde ;  the  wheels,  B  and 
C,  are  neither  of  them  fixed  to  the  spindle  D,  but  both  slip 
round  freely  upon  it,  turning  in  contrary  directions,  as  they 
receive  motion  from  the  opposite  sides  of  the  wheel  R.  A 
locking  clutch,  d^  is  fitted  upon  the  spindle  between  these 
two  wheels,  B,  C,  and  can,  by  moving  it  one  way  or  the  other, 
be  made  to  lock  either  one  of  the  wheels  to  the  spindle  D,  at 
the  same  time  that  it  leaves  the  other  disengaged.  The 
locking-box  is  moved  by  means  of  a  lever,  shown  in  fig.  75^ 
the  arm  m  having  a  fork  to  embrace  a  groove  in  the  box ;  the 
lever  is  fixed  on  a  vertical  axis  n,  which  has  at  the  upper  end 
two  other  levers,  o^p;  these  lay  one  at  each  side  of  the  ver- 
tical axis  A,  but  at  different  heights,  as  is  evident  from  the 
figure.  The  collar  r,  which  is  raised  up  when  the  balls  fly 
out,  is  fitted  upon  a  square  part  of  the  spindle  A,  and  is 
formed  like  a  snail  or  camm,  which  will  act  upon  either  of 
the  levers,  o  or  p^  according  to  the  height  at  which  it  hangs 
upon  its  spindle.  Now  when  the  mill  is  going  with  its  true 
velocity,  this  camm  e  is  at  such  a  height  that  it  is  beneath 
one  lever,  o,  and  above  the  other,  p^  so  as  to  interfere  with 
neither;  consequently  the  locking-box,  d^  remains  detached: 
but  on  any  alteration  in  the  velocity  of  the  mill  and  the  axis 
A,  the  balls  open  or  shut,  as  before  explained,  and  the  camm, 
r,  either  rises  or  falls,  and  then  it  presses  against  one  of  the 
levers,  0  or  pj  and  by  pushing  it  away  from  the  axis,  it  moves 
the  lever  m,  and  the  locking-box  </,  up  to  one  of  the  wheels, 
B  or  C,  which  it  locks  to  the  axis  D,  and  turns  it  round  in 
the  direction  of  that  wheel^s  motion,  by  which  it  either  raises 
or  depresses  the  water-wheel's  shuttle,  as  is  required.  This 
apparatus  may,  it  is  plain,  be  applied  to  any  other  kind  of 
mill-work. 

Governors  or  flying-balls  are  very  frequently  used  in  the 
wind-mills  employed  for  grinding  flour:  the  variable  force  of 
this  first  mover  renders  some  such  regulator  necessary,  to 
increase  the  resistance,  by  allowing  a  greater  feed  of  corn, 
when  the  mill  moves  too  quickly,  and  thus  in  some  degree 
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counteracting  the  irregularity.  If  the  mill  moves  too  slowly, 
the  balls  tend  to  diminish  the  feed,  and  at  the  same  time 
they  raise  the  upper  stone,  to  set  them  at  a  greater  distance 
asunder,  that  they  may  require  less  power  to  drive  them,  and 
consequently  suffer  the  mill,  as  nearly  as  it  can,  to  retain  its 
full  velocity,  though  the  motive  force  is  greatly  diminished. 
This  application  of  the  governor  was,  we  believe,  first  made 
by  the  ingenious  captain  Hooper  of  Margate,  who  invented 
the  horizontal  wind-mill.  It  is  a  very  great  advantage,  and 
no  wind-mill  should  be  without  them.  Many  wind-mills  are 
provided  with  flying-balls,  which,  by  very  ingenious  mecha- 
nism, clothe  and  unclothe  the  sails  just  in  proportion  to  the 
strength  of  the  wind. 

In  many  mills  it  is  of  consequence  to  be  able  to  detect 
small  variations  in  the  velocity,  and  to  ascertain  the  quantity 
of  them ;  for  the  governor  only  corrects  the  irregularities, 
without  showing  any  scale  of  them.  In  cases  where  this  is 
required,  it  may  be  done  by  a  very  ingenious  instrument,  in- 
vented by  Mr.  Bryan  Donkin,  of  Fort-place,  Bermondsey. 
He  received  a  gold  medal  from  the  Society  of  Arts,  Manu- 
factures, and  Commerce,  in  1810,  for  this  instrument,  which 
he  calls  a  tachometer. 

A  front  view  of  Mr.  Donkin^s  tachometer^  or  instrument  for 
indicating  the  velocity  of  Machinery^  is  represented  in  fig.  76, 
and  a  side  view  in  fig.  77.  X  Y  Z,  fig.  76,  is  the  vertical 
section  of  a  wooden  cup,  made  of  box,  which  is  drawn  in 
elevation  at  X,  fig.  77.  The  whiter  parts  of  the  section,  in 
fig.  76,  represent  what  is  solid,  and  the  dark  parts  what  is 
hollow.  This  cup  is  filled  with  mercury  up  to  the  level  L  L, 
fig.  76.  Into  the  mercury  is  immersed  the  lower  part  of  the 
upright  glass  tube  A  B,  which  is  filled  with  coloured  spirits 
of  wine,  and  open  at  both  ends,  so  that  some  of  the  mercury 
in  the  cup  enters  at  the  lower  orifice,  and  when  every  thing 
is  at  rest,  supports  a  long  column  of  spirits,  as  represented  in 
the  figure.  The  bottom  of  the  cup  is  fastened  by  a  screw  to 
a  short  vertical  spindle  D,  so  that  when  the  spindle  is  whirled 
round,  the  cup,  (whose  figure  is  a  solid  of  revolution,)  re- 
volves at  the  same  time  round  its  axis,  which  coincides  with 
that  of  the  spindle. 

In  consequence  of  this  rotation,  the  mercury  in  the  cup 
acquires  a  centrifugal  force,  by  which  its  particles  are  thrown 
outwards,  and  that  with  the  greater  intensity,  according  as 
they  are  more  distant  from  the  axis,  and  according  as  the 
angular  velocity  is  greater.  Hence,  on  account  of  its  fluidity, 
the  mercury  rises  higher  and  higher  as  it  recedes  from  the 
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axis,  and  consequently  sinks  in  the  middle  of  the  cup;  this 
elevation  at  the  sides  and  consequent  depression  in  the  mid« 
die  increasing  always  with  the  velocity  of  rotation.  Now  the 
mercury  in  the  tube,  though  it  does  not  revolve  with  the  cup, 
cannot  continue  higher  than  the  mercury  immediately  sur- 
rounding it,  nor  indeed  so  high,  on  account  of  the  superin- 
cumbent column  of  spirits.  Thus  the  mercury  in  the  tube 
will  sink,  and  consequently  the  spirits  also ;  but  as  that  part 
of  the  tube  which  is  within  the  cup  is  much  wider  than  the 
part  above  it,  the  depression  of  the  spirits  will  be  much 
greater  than  that  of  the  mercury,  being  in  the  same  propor- 
tion in  which  the  square  of  the  larger  diameter  exceeds  the 
square  of  the  smaller. 

Let  us  now  suppose,  that  by  means  of  a  cord  passing  round 
a  small  pulley  F,  and  the  wheel  G  or  H,  or  in  any  other  con- 
venient way,  the  spindle  D  is  connected  with  the  machine 
whose  velocity  is  to  be  ascertained.  In  forming  this  connec- 
tion, we  must  be  careful  to  arrange  matters  so,  that  when 
the  machine  is  moving  at  its  quickest  rate,  the  angular  velo- 
city of  the  cup  shall  not  be  so  great  as  to  depress  the  spirits 
below  C  into  the  wider  part  of  the  tube.  We  are  also,  as  in 
the  figure,  to  have  a  scale  of  inches  and  tenths  applied  to 
A  C,  the  upper  and  narrower  part  of  the  tube,  the  numeration 
being  carried  downwards  from  zero,  which  is  to  be  placed  at 
the  point  to  which  the  column  of  spirits  rises  when  the  cup 
is  at  rest. 

Then  the  instrument  will  be  adjusted,  if  we  mark  on  the 
scale  the  point  to  which  the  column  of  spirits  is  depressed, 
when  the  machine  is  moving  with  the  velocity  required. 
But,  as  in  many  cases,  and  particularly  in  steam-engines, 
there  is  a  continued  oscillation  of  velocity,  in  those  cases  we 
have  to  note  the  two  points  between  which  the  column 
oscillates  during  the  most  advantageous  movement  of  the 
machine. 

Here  it  is  proper  to  observe,  that  the  height  of  the  column 
of  spirits  will  vary  with  the  temperature,  when  other  cir- 
cumstances are  the  same.  On  this  account  the  scale  ought 
to  be  mo%*able,  so  that,  by  slipping  it  upwards  or  downwards, 
the  zero  may  be  placed  at  the  point  to  which  the  column 
reaches  when  the  cup  is  at  rest;  and  thus  the  instrument 
may  be  adjusted  to  the  particular  temperature  with  the  utmost 
facility,  and  with  sufficient  precision.  The  essential  parts  of 
the  tachometer  have  now  been  mentioned,  as  well  as  the 
method  of  adjustment;  but  certain  circumstances  remain  to 
be  suted. 
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The  form  of  the  cup  is  adapted  to  render  a  smaller  quan- 
tity of  mercury  saflScient  than  what  must  have  been  employ- 
ed either  with  a  cylindrical  or  hemispherical  vessel.  In  every 
case  two  precautions  are  necessary  to  be  observed: — first, 
that  when  the  cup  is  revolving  with  its  greatest  velocity,  the 
mercury  in  the  middle  shall  not  sink  so  low  as  to  allow  any 
of  the  spirits  in  the  tube  to  escape  from  the  lower  orifice, 
and  that  the  mercunr,  when  most  distant  from  the  axis,  shall 
not  be  thrown  out  of  the  cup.  Secondly,  that  when  the  cup 
is  at  rest,  the  mercury  shall  rise  so  high  above  the  lower  end 
of  the  tube,  that  it  may  support  a  column  of  spirits  of  the 
proper  length. 

Now  in  order  that  the  quantity  of  mercury,  consistent 
with  these  conditions,  may  br.  reduced  to  its  minimum,  it  is 
necessary-^first,  that  if  M  M,  fig.  76,  is  the  level  of  the 
mercury  at  the  axis,  when  the  cup  is  revolving  with  the 
greatest  velocity,  the  upper  part  M  M  X  Y  of  the  cup  should 
be  of  such  a  form  as  to  have  the  sides  covered  only  with  a 
thin  film  of  the  fluid ;  and,  secondly,  that  for  the  purpose  of 
raising  the  small  quantity  of  mercury  to  the  level  L  L,  which 
may  support  a  proper  height  of  spirits  when  the  cup  is  at 
rest;  the  cavity  of  the  cup  should  be  in  a  great  measure 
occupied  by  the  block  K  K,  having  a  cylindrical  perforation 
in  the  middle  of  it  for  the  immersion  of  the  tut)e,  and 
leaving  sufficient  room  within  and  around  it  for  the  mercury 
to  move  freely  both  along  the  sides  of  the  tube  and  of  the 
vessel. 

The  block  K  K  is  preserved  in  its  proper  position  in  the 
cup  or  vessel  X  Y  Z,  by  means  of  three  narrow  projecting 
sUps  or  ribs  placed  at  equal  distances  round  it,  and  is  kept 
frx>m  rising  or  floating  upon  the  mercury  by  two  or  three 
small  iron  or  steel  pins  inserted  into  the  under  side  of  the 
cover,  near  the  aperture  through  which  the  tube  passes. 

It  would  be  extremely  difficult,  however,  nor  is  it  by  any 
means  important,  to  give  to  the  cup  the  exact  form  which 
would  reduce  the  quantity  of  mercury  to  its  minimum ;  but 
we  shall  have  a  sufficient  approximation,  which  may  be  exe- 
cuted with  great  precision,  if  the  part  of  the  cup  above  M  M 
is  made  a  parabolic  nonoid,  the  vertex  of  the  generating  para- 
bola being  at  that  point  of  the  axis  to  which  the  mercury 
sinks  at  its  lowest  depression,  and  the  dimensions  of  the 
parabola  being  determined  in  the  following  manner.  Let 
V  G,  fig.  78,  represent  the  axis  of  the  cup,  and  V  the  point 
to  which  the  mercury  sinks  at  its  lowest  depression ;  at  any 
point  G  above  V,  draw  G  H  perpendicular  to  V  G  ;  let  n  be 
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the  number  of  revolutions  which  the  cup  is  to  perform  in 
1"  at  its  quickest  motion;  let  v  be  the  number  of  inches 
which  a  body  would  describe  uniformly  in  1",  with  the  velo* 
city  acquired  in  falling  from  rest,  through  a  height  »  to 

G  V,  and  make  G  H  =  — .     Then,  the  parabola  to  be 

determined  is  that  which  has  t;  for  its  vertex,  V  G  for  its 
axis,  and  G  H  for  its  ordinate  at  G.  The  cup  has  a  lid  to 
prevent  the  mercury  from  being  thrown  out  of  it,  an  event 
which  would  take  place  with  a  very  moderate  velocity  of 
rotation,  unless  the  sides  were  raised  to  an  inconvenient 
height ;  but  the  lid,  by  obstructing  the  elevation  at  the  sides 
of  the  cup,  will  diminish  the  depression  in  the  middle,  and 
consequently  the  depression  of  spirits  in  the  tube:  on  this 
account  a  cavity  is  formed  in  the  block  immediately  above 
the  level  L  L,  where  the  mercury  stands  when  the  cup  is  at 
rest ;  and  thus  a  receptacle  is  given  to  the  fluid,  which  would 
otherwise  disturb  the  centrifugal  force  and  impair  the  sensi- 
bility of  the  instrument. 

It  will  be  observed,  that  the  lower  orifice  of  the  tube  is 
turned  upwards.  By  this  means,  after  the  tube  has  been 
filled  with  spirits  by  suction,  and  its  upper  orifice  stopped 
with  the  finger,  it  may  easily  be  conveyed  to  the  cup  and 
immersed  in  the  quicksilver  without  any  danger  of  the  spirits 
escaping;  a  circumstance  which  otherwise  it  would  be  ex- 
tremely difficult  to  prevent,  since  no  part  of  the  tube  can  be 
made  capillary,  consistently  with  that  free  passage  to  the 
fluids,  which  is  essentially  necessary  to  the  operation  of  the 
instrument. 

We  have  next  to  attend  to  the  method  of  putting  the 
tachometer  in  motion  whenever  we  wish  to  examine  the  velo- 
city of  the  machine.  The  pulley  F,  which  is  continually 
whirling  during  the  motion  of  the  machine,  has  no  connec- 
tion whatever  with  the  cup,  so  long  as  the  lever  QR  is  left 
to  itself.  But  when  this  lever  is  raised,  the  hollow  cone  T, 
which  is  attached  to  the  pulley  and  whirls  along  with  it,  is 
also  raised,  and  embracing  a  solid  cone  on  the  spindle  of  the 
cup,  communicates  the  rotation  by  friction.  When  our  ob- 
servation is  made,  we  have  only  to  allow  the  lever  to  drop  by 
its  own  weight,  and  the  two  cones  will  be  disengaged,  and 
the  cup  remain  at  rest. 

The  lever  QR  is  connected  by  a  vertical  rod  to  another 
lever  S,  having,  at  the  extremity  S  a  valve,  which,  when  the 
lever  QR  is  raised,  and  the  tachometer  is  in  motion,  is 
lifted  up  from  the  top  of  the  tube,  so  as  to  admit  the  externd 
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air  upon  the  depression  of  the  spirits;  on  the  other  hand,  whea 
the  lever  Q  R  falls,  and  the  cup  is  at  rest,  the  valve  at  S  closes 
the  tube,  and  prevents  the  spirits  from  being  wasted  by  eva^ 
poration. 

It  is  lastly  to  be  remarked,  .that  both  the  sensibility  and 
the  range  of  the  instrument  may  be  infinitely  increased ;  for, 
on  the  one  hand,  by  enlarging  the  proportion  between  the 
diameters  of  the  wide  and  narrow  parts  of  the  tube,  we  en- 
large in  a  much  higher  proportion  the  extent  of  scale  corres* 
Cnding  to  any  given  variation  of  velocity ;  and  on  the  other 
nd,  by  deepening  the  cup  so  as  to  admit  when  it  is  at  rest 
A  greater  height  of  mercury  above  the  lower  end  of  the  tube,  we 
lengthen  the  column  of  spirits  which  the  mercury  can  support, 
and  consequently  enlarge  the  velocity,  which,  with  any  given 
sensibility  of  the  instrument,  is  requisite  to  depress  the  spirits 
to  the  bottom  of  the  scale.  Hence  the  tachometer  is  capa* 
ble  of  being  employed  in  very  delicate  philosophical  ezpe* 
riments,  more  especially  as  a  scale  might  be  applied  to  it, 
indicating  equal  increments  of  velocity.  But  in  the  present 
account  it  is  merely  intended  to  state  how  it  may  be  adapted 
to  detect  in  machinery  every  deviation  from  the  most  advan- 
tageous movement. 

General  Observations. — In  setting  out  the  geering  of  a  mill, 
it  should  be  the  object  of  the  engineer  to  place  the  heaviest 
machiner}'  nearest  the  moving  power,  as,  in  transmitting  mo- 
tion to  a  great  distance,  not  only  the  weight  of  shafting  is  to 
be  taken  into  consideration,  but  the  friction  which  exists 
in  all  the  different  bearings,  and  which  is  greatly  increased 
by  a  small  obstacle  placed  beyond  those  bearings. 

Care  likewise  should  be  taken  to  make  as  few  bearings  as 
possible,  still  keeping  in  view  that  the  shafts  must  not  be 
allowed  to  swag.  Rules  might  be  given  for  the  distances  of 
the  bearings  of  the  shafting,  if  the  shafting  had  only  to  move 
itself,  but  having  to  carry  various  sized  puUies,  both  their 
weight  and  the  weight  of  the  machinery  they  turn  must  be 
taken  into  consideration,  which  compel  us  to  forego  the  at- 
tempt; it  is,  however,  necessary  to  state,  that  it  is  better  to 
have  a  bearing  too  many  than  to  allow  a  shaft  to  bend,  as  it 
cannot  then  run  true  in  its  steps  or  journals. 

In  forming  couplings,  great  care  should  be  taken  to  make 
them  jBt,  so  that  the  coupled  shaft  may  move  as  though  of 
the  same  piece  with  the  driving  shaft:  nor  can  simplicity  be 
too  strongly  recommended,  that  the  coupled  shaft  may,  in 
case  of  an  accident,  be  instantaneously  disengaged,  for  the 
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loss  of  time  arising  from  any  accident  is  of  serious  im- 
portance to  the  manufacturer.  Couplings  should  be  placed 
near  the  bearings,  as  there  is  there  the  least  swag,  and  the 
shaft  is  of  course  the  weakest  at  the  couplings.  The  same 
observation  is  applicable  to.  the  disposing  of  wheels  and 
pullies. 

PuUies  have  been  sometimes  formed  in  two  halves  for  put- 
ting upon  the  shaft  without  taking  the  shaft  down,  but  their 
adoption  is  by  no  means  general,  as  there  is  some  difficulty 
in  fixing  them  true  whilst  the  shaft  is  in  its  place. 

Straps  to  drive  geering  should  be  avoided  whenever  wheels 
can  be  substituted,  as  they  are  very  liable  to  stretch  and  break, 
and  do  not  transmit  regular  motion.  In  fixing  the  wheels 
and  pullies  upoii  a  shaft,  which  is  mostly  done  by  driving 
wedges  in  the  bush  of  the  wheel  or  pulley,  called  staking  them 
on^  great  pains  should  be  taken  to  have  them  true,  which  can 
only  be  done  by  driving  the  wedges  regularly  on  each  side  to 
the  same  degree  of  tightness.  It  most  generally  happens 
when  one  wedge  is  over-driven,  the  workmen,  rather  than 
take  the  trouble  to  alter  it,  will  let  it  remain  ;  but  this  is  of 
more  importance  than  is  generally  imagined,  for  if  a  wheel 
is  not  true,  it  cannot  work  in  the  pitch  line,  all  round,  and 
where  it  is  out  it  will  shake,  or  have,  what  is  called,  back" 
lash^  which,  happening  always  in  the  same  place,  will  wear 
the  wheels  irregularly.  If  a  pulley  is  not  true,  it  wijl  com- 
municate  irregular  motion  by  its  strap,  and  likewise  cause  an 
irregular  stress  upon  the  shaft  on  which  it  works,  much  to 
the  detriment  of  the  bearing. 

Chains  have  been  beneficially  introduced  as  substitutes  for 
straps  in  driving  heavy  geer. 

.  Shafts  should  be  circular,  as  they  are  less  likely  to  catch 
any  thing,  and  have  a  much  neater  appearance.  The  same 
may  be  said  of  couplings.  The  wheels  of  the  geering 
should  be  always  enclosed  in  a  casing  of  wood,  called  boxing 
off^  to  prevent  anything  falling  in  between  them,  or  accidents 
occurring  to  the  people  who  may  be  working  near  them.  The 
wheels  should  be  furnished  with  brushes  resting  upon  their 
faces,  to  distribute  the  grease  equally  and  to  keep  it  between 
the  teeth:  and  on  starting  a  new  pair  of  wheels,  a  little 
emery  may  be  put  on  with  the  grease,  to  bring  them  to  a 
smooth  face. 

The  following  general  observations  on  the  construction  of 
Machines,  and  on  the  regulating  of  their  motions,  appear 
to  be  highly  worthy  of  the  Mill-wright's  attention  ;  wc 
have,  therefore,  extracted  them  from  Dr.  Robison's  article 
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on  Machinery^  inserted  in  the  Supplement  to  the  Encyclopaedia 
Britannica, 

When  heavy  stampers  are  to  be  raised,  in  order  to  drop 
on  the  matters  to  be  pounded,  the  wipers  by  which  they  are 
lifted  should  be  made  of  such  a  form,  that  the  stamper 
may  be  used  by  a  uniform  pressure,  or  with  a  motion  almost 
perfectly  uniform.  If  this  is  not  attended  to,  and  the  wiper 
IS  only  a  pin  sticking  out  from  the  axis,  the  stamper  is 
forced  into  motion  at  once.  This  occasions  violent  jolts 
to  the  machines,  and  great  strains  on  its  moving  parts  and 
their  points  of  support;  whereas,  when  they  are  gradually 
lifted,  the  inequality  of  desultory  motion  is  never  felt  at  the 
impelled  point  of  the  machine.  We  have  seen  pistons  moved 
by  means  of  a  double  rack  on  the  piston  rod.  A  half  wheel 
takes  hold  of  one  rack,  and  raises  it  to  the  required  height. 
The  moment  the  half  wheel  has  quitted  that  side  of  the 
rack,  it  lays  hold  of  the  other  side,  and  forces  the  piston 
down  again.  This  is  proposed  as  a  great  improvement ; 
connecting  the  unequable  motion  of  the  piston  moved  in 
the  common  way  by  a  crank.  But  it  is  far  inferior  to  the 
crank  motion.  It  occasions  such  abrupt  changes  of  motion, 
that  the  machine  is  shaken  by  jolts.  Indeed,  if  the  move- 
ment were  actually  executed,  the  machine  would  be  shaken 
to  pieces,  if  the  parts  did  not  give  way  by  bending  and 
yielding.  Accordingly,  we  have  always  observed  that  this 
motion  soon  failed,  and  was  changed  for  one  that  was  more 
smooth.  A  judicious  engineer  will  avoid  all  such  sudden 
changes  of  motion,  especially  in  any  ponderous  part  of  a 
machine. 

When  several  stampers,  pistons,  or  other  reciprocal  movers, 
are  to  be  raised  and  depressed,  common  sense  teaches  us  to 
distribute  their  times  of  action  in  a  uniform  manner,  so  that 
the  machine  may  always  be  equally  loaded  with  work.  When 
this  is  done,  and  the  observations  in  the  preceding  para- 
graph attended  to,  the  machine  may  be  made  to  move  almost 
as  smoothly  as  if  there  were  no  reciprocations  in  it.  No- 
thing shows  the  ingenuity  more  than  the  artful  yet  simple 
and  effectual  contrivances  for  obviating  those  difficulties 
that  unavoidably  arise  from  the  very  nature  of  the  work 
that  must  be  performed  by  the  machine,  and  of  the  power 
employed. 

There  is  also  great  room  for  ingenuity  and  good  choice 
in  the  management  of  the  moving  power,  when  it  is  such  as 
cannot  immediately  produce  the  kind  of  motion  required  for 
effecting  the  purpose.     We  mentioned  the  conversion  of  the 
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continued  rotation  of  an  axis  into  the  reciprocating  motion 
of  a  piston,  and  the  improvement  which  was  thought  to  have 
been  made  on  the  common  and  obvious  contrivance  of  a 
crank,  by  substituting  a  double  rack  on  the  piston-rod,  and 
the  inconvenience  arising  from  the  jolts  occasioned  by  this 
change.  We  have  seen  a  great  forge,  where  the  engineer, 
in  order  to  avoid  the  same  inconvenience  arising  from  the 
abrupt  motion  given  to  the  great  sledge  hammer  of  seven 
hundred  weight,  resisting  with  a  five-fold  momentum,  form- 
ed the  wipers  into  spirals,  which  communicated  motion  to 
the  hammer  almost  without  any  jolt  whatever;  but  the  result 
was,  that  the  hammer  rose  no  higher  than  it  had  been  raised 
in  contact  with  the  wiper,  and  then  fell  on  the  iron  bloom 
with  very  little  effect.  The  cause  of  its  inefficiency  was  not 
guessed  at ;  but  it  was  removed,  and  wipers  of  the  common 
form  were  put  in  place  of  the  spirals.  In  this  operation,  the 
rapid  motion  of  the  hammer  is  absolutely  necessary.  It  is  not 
enough  to  lift  it  up;  it  must  be  tossed  up,  so  as  to  fly  higher 
than  the  wiper  lifts  it,  and  to  strike  with  great  force  the 
strong  oaken  spring  which  is  placed  in  its  way.  It  compresses 
this  spring,  and  is  reflected  by  it  with  a  considerable  velocity, 
so  as  to  hit  the  iron  as  if  it  had  fallen  from  a  great  height. 
Had  it  been  allowed  to  fly  to  that  height,  it  would  have  fiiUen 
upon  the  iron  with  somewhat  more  force,  (because  no  oaken 
spring  is  perfectly  elastic,)  but  this  would  have  required  more 
than  twice  the  time. 

In  employing  a  power  which  of  necessity  reciprocates,  to 
drive  machinery  which  requires  a  continuous  motion,  (as  in 
applying  the  steam-engine  to  a  cotton  or  grist  mill,)  there 
also  occur  great  difficulties.  The  necessity  of  reciprocation 
in  the  first  mover  wastes  much  power;  because  the  instru- 
ment which  communicates  such  an  enormous  force  must  be 
extremely  strong,  and  be  well  supported.  The  impelling 
power  is  wasted  in  imparting,  and  afterwards  destroying,  a 
vast  quantity  of  motion  in  the  working  beam.  The  skilful 
engineer  will  attend  to  this,  and  do  his  utmost  to  procure  the 
necessary  strength  of  this  first  mover,  without  making  it  a 
vast  load  of  inert  matter.  He  will  also  remark,  that  all  the 
strains  on  it,  and  on  its  supports,  are  changing  their  direc- 
tions in  every  stroke.  This  requires  particular  attention  to 
the  manner  of  supporting  it.  If  we  observe  the  steam-en- 
gines which  have  been  long  erected,  we  see  that  they  have 
uniformly  shaken  the  building  to  pieces.  This  has  been 
owing  to  the  ignorance  or  inattention  of  the  engineer  in  this 
particular.     They  are  much  more  judiciously  erected  now. 
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experience  having  taught  the  most  ignorant  that  no  building 
can  withstand  their  desultory  and  opposite  jolts,  and  that  the 
great  movements  must  be  supported  by  a  frame-work  inde- 
pendent of  the  building  of  masonry  which  contains  it.* 

The  engineer  will  also  remark,  that  when  a  single-stroke 
steam-engine  is  made  to  turn  a  mill,  all  the  communications 
of  motion  change  the  direction  of  their  pressure  twice  every 
stroke.  During  the  working  stroke  of  the  beam,  one  side  of 
the  teeth  of  the  intervening^ wheels  is  pressing  the  machinery 
forward;  but  during  the  returning  stroke,  the  machinery, 
already  in  motion,  is  dragging  the  beam,  and  the  wheels  are 
acting  with  the  other  side  of  the  teeth.  This  occasions  a 
rattling  at  every  change,  and  makes  it  proper  to  fashion 
both  sides  of  the  teeth  with  the  same  care. 

It  will  frequently  conduce  to  the  good  performance  of  an 
engine,  to  make  the  action  of  the  resisting  work  unequable, 
accommodated  to  the  inequalities  of  the  impelling  power. 
This  will  produce  a  more  uniform  motion  in  machines  in 
which  the  momentum  of  inertia  is  inconsiderable.  There  are 
some  beautiful  specimens  of  this  kind  of  adjustment  in  the 
mechanism  of  animal  bodies. 

It  is  very  customary  to  add  what  is  called  a  fiy  to  ma- 
chines. This  is  a  heavy  disk  or  hoop,  or  other  mass  of 
matter  balanced  on  its  axis,  and  so  connected  with  the 
machinery  as  to  turn  briskly  round  with  it.  This  may  be 
done  with  the  view  of  rendering  the  motion  of  the  whole 
more  regular,  notwithstanding  unavoidable  inequalities  of  the 
accelerating  forces,  or  of  the  resistances  occasioned  by  the 
work.  It  becomes  a  regulator.  Suppose  the  resistance  ex- 
tremely unequal,  and  the  impelling  power  perfectly  constant ; 
as  when  a  bucket-wheel  is  employed  to  one  pump.  When 
the  piston  has  ended  its  working  stroke,  and  while  it  is  going 
down  the  barrel,  the  power  of  the  wheel  being  scarcely  op- 
posed, it  accelerates  the  whole  machine,  and  the  piston 
arrives  at  the  bottom  of  the  barrel  with  a  considerable  velo- 
city. But  in  the  rising  again,  the  wheel  is  opposed  by  the 
column  of  water  now  pressing  on  the  piston.  This  imme- 
diately retards  the  wheel ;  and  when  the  piston  has  reached 

*  The  ^dgeons  of  a  water-wheel  should  never  rest  on  the  wall  of  the 
building'.  It  shakes  it;  and  if  set  up  soon  af\er  the  building  has  been 
erected,  it  prevents  the  mortar  from  taking  firm  bond;  perhaps  by  shatter- 
ing the  calcareous  cr>'stals  as  they  form.  When  the  engineer  is  obliged  to 
rest  tlie  gudgeons  in  this  way,  they  should  be  supported  by  a  block  of  oak 
laid  a  little  hollow.  This  soflens  all  tremors,  like  springs  of  a  wheel  car- 
riage. This  practice  would  be  very  scr\*iceablc  in  many  other  parts  of  tb'* 
construction. 
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the  top  of  the  barrel,  all  the  acceleration  is  undone,  and  is  to 
begin  again.  The  motion  of  such  a  machine  is  very  hob- 
bling: but  the  superplus  of  accelerating  force  at  the  begin- 
ning of  a  returning  stroke  will  not  make  such  a  change  in 
the  motion  of  the  machine  if  we  connect  the  fly  with  it.  For 
the  accelerating  momentum  is  a  determinate  quantity.  There- 
fore, if  the  radius  of  the  fly  be  great,  this  momentum  will  be 
attained  by  communicating  a  small  angular  mouon  to  the  ma- 
chine. • 

The  momentum  of  the  fly  is  as  the  square  of  its  radius ; 
therefore  it  resists  acceleration  in  this  proportion ;  and 
although  the  overplus  of  power  generates  the  same  momen- 
tum of  rotation  in  the  whole  machine  as  before,  it  makes  but 
a  small  addition  to  its  velocity.  If  the  diameter  of  the  fly 
be  doubled,  the  augmentation  of  rotation  will  be  reduced  to 
one-fourth.  Thus  by  giving  rapid  motion  to  a  small  quan- 
tity of  matter,  the  great  acceleration  during  the  returning 
stroke  of  the  piston  is  prevented.  This  acceleration  conti- 
nues, however,  during  the  whole  of  the  returning  stroke^  and 
at  the  end  of  it  the  machine  has  acquired  its  greatest  velo- 
city. Now  the  working  stroke  begins,  and  the  overplus  of 
power  is  at  an  end.  The  machine  accelerates  no  more ;  but 
if  the  power  is  just  in  equilibrio  with  the  resistance,  it  keeps 
the  velocity  which  it  has  acquired,  and  is  still  more  accele- 
rated during  the  next  returning  stroke.  But  now,  at  the  be- 
ginning of  the  subsequent  working  stroke,  there  is  an  over- 
plus of  resistance,  and  a  retardation  begins,  and  continues 
during  the  whole  rise  of  the  piston;  but  it  is  inconsiderable 
in  comparison  of  what  it  would  have  been  without  the  fly; 
for  the  fly,  retaining  its  acquired  momentum,  drags  forward 
the  rest  of  the  machine,  aiding  the  impelling  power  of  the 
wheel.  It  does  this  by  all  the  communications  taking  into  each 
other  in  the  opposite  direction.  The  teeth  of  the  interven- 
ing wheels  are  heard  to  drop  from  their  former  contact  on 
one  side,  to  a  contact  on  the  other.  By  considering  this  pro- 
cess with  attention,  we  easily  perceive  that,  in  a. few  strokes, 
the  overplus  of  power  during  the  returning  stroke  comes  to 
be  so  adjusted  to  the  deficiency  during  the  working  stroke, 
that  the  accelerations  and  retardations  exactly  destroy  each 
other,  and  every  succeeding  stroke  is  made  with  the  same 
velocity,  and  an  equal  number  of  strokes  is  made  in  every 
succeeding  minute.  Thus  the  machine  acquires  a  genend 
uniformity  with  periodical  inequalities.  It  is  plain,  that  by  suf- 
ficiently enlarging  either  the  diameter  or  the  weight  of  the  fly, 
the  irregularity  of  the  motion  may  be  rendered  as  small  as  we 


AND  MACHINIST.  40 

please*    It  is  much  better  to  enlarge  the  diameter.    Thia 

treservea  the  friction  more  moderate,  and  the  piy«t  wears 
:8S*.  For  these  reasons  a  fly  is  in  general  a  considerable  im« 
proviement  hi  machinery,  by  equalizing,  many  exertions  that 
ara'natarally  very  irregular.  Thus,  a  man  working  at  a  com« 
mon  windlass  exerts  a  very  irregular  pressure  on  the  winch. 
In  one  of  his  positions,  in  each  turn  he  can  exert  a  force  of 
near  70  lbs.  without  fatigue,  but  in  another  he  cannot  exert 
above  2S  lbs;  nor  must  he  be  loaded  with  moth  above  this 
in  general.  But  if  a  large  fly  be  connected  properly  with 
die  windlass,  he  will  act  with  equal  ease  and  speed  against 
30  lbs. 

This  regulating  power  of  the  fly  is  without  bounds,  and 
may  be  used  to  render  uniform  a  motion  produced  by  the 
most  desultory  and  irregular  power.  It  is  thus  that  the  most 
regular  motion  is  given  to  mills  that  are  driven  by  a  single- 
stroke  steam^ngine,  where,  for  two,  or  even  three  seconds, 
Aere  is  no  force  pressing  round  the  inilL  The  communica- 
Ooo  is  made  through  a  massive  fly  of  very  great  diameter, 
wliirling  with  great  rapidity.  As  soon  as  the  impulse  ceases, 
the  fly,  continuing  its  motion,  urges  round  the  whole  machi- 
aeiry  with  almost  unabated  speed.  At  this  instant  all  the  teeth, 
and  aH  the  joints,  between  the  fly  and  the  first  mover,  are 
heard  to  catch  in  the  opposite  direction. 

If  any  permanent  change  should  happen  in  the  impelling 
power,  or  in  the  resistance,  the  fly  makes  no  obstacle  to  its 
producing  its  full  eflect  on  the  machine ;  and  it  will  be  ob- 
served to  accelerate  or  retard  uniformly,  till  a  new  general 
^ed  is  acquired  exactly  corresponding  with  this  new  power 
aod  resistance. 

Many  machines  include,  in  their  construction,  movements 
which  are  equivalent  with  this  intentional  regulator.     A  flour 
..  mill,  for  example,  cannot  be  better  regulated  than  by  its  mill- 
T  stone;  but  in  the  Albion  Mills,  a  heavy  fly  ws^s  added  with 
great  propriety ;  for  if  the  mills  had  been  regulated  by  their 
mill-stones  only,  then,  at  every  change  of  stroke  in  the  steam- 
i\^  engine,  the  whole  train  of  communications  between  the  beam, 
''   which  is  the  first  mover,  and  the  regulating  mill-stone,  which 
is  the  very  last  mover,  would  take  in  the  opposite  direction. 
Although  each  drop  in  the  teeth  and  joints  be  but  a  trifle,  the 
whole,  added  together,  would  make  a  considerable  jolt.  This 
is  avoided  by  a  regulator  immediately  adjoining  the  beam. 
This  continually  presses  the  working  machinery  in  one  direc- 
tion.    So  judiciously  were  the  movements  of  that  noble  ma- 
chine contrived,  and  so  nicely  were  they  executed,  that  not 
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the  least  noise  was  heard,  nor  the  slightest  tremor  felt  in  the 
building. 

Mr.  Valoue*s  beautiful  pile  engine,  employed  at  Westmin- 
ster bridge,  is  another  remarkable  instance  of  the  regulating 
power  of  a  fly.  When  the  ram  is  dropped,  and  its  follower 
disengaged  immediately  after  it,  the  horses  would  instantly 
tumble  down,  because  the  load,  against  which  they  had  been 
straining  hard,  is  at  once  taken  off;  but  the  gin  is  connected 
with  a  very  large  fly,  which  checks  any  remarkable  accelera- 
tion, allowing  the  horses  to  lean  on  it  during  the  descent  of 
the  load ;  after  which  their  draught  recommences  immediately. 
The  spindles,  cards,  and  bobbins,  of  a  cotton  mill,  are  also  a 
sort  of  flies.  Indeed,  all  bulky  machines  of  the  rotative  kind 
tend  to  preserve  their  motion  with  some  degree  of  steadiness, 
and  their  great  momentum  of  inertia  is  as  useful  in  this  respect 
as  it  is  prejudicial  to  the  acceleration  or  any  reciprocation 
when  wanted.  There  is  another  kind  of  regulating  fly^  con- 
sisting of  wings  whirled  briskly  round,  till  the  resistance  of 
the  air  prevents  any  great  acceleration.  This  is  a  very  bad 
one  for  a  xvorkin^  machine,  for  it  produces  its  effect  by  reaUy 
wasting  a  part  of  the  moving  powers.  Frequently  it  employs 
a  very  great  and  unknown  part  of  it,  and  robs  the  proprietor 
of  much  work.  It  should  never  be  introduced  into  any  ma- 
chine employed  in  manufactures. 

Some  rare  cases  occur  where  a  very  different  regulator  is 
required:  where  a  certain  determined  velocity  is  found  ne- 
cessary. In  this  case  the  machine  is  furnished,  at  its  ex- 
treme mover,  with  a  conical  pendulum,  consisting  of  two 
heavy  balls  hanging  by  rods,  which  move  in  very  nice  and 
steady  joints  at  the  top  of  a  vertical  axis.  It  is  well  known, 
that  when  this  axis  turns  round,  with  an  angular  velocity 
suited  to  the  length  of  those  pendulums,  the  time  of  a  revo- 
lution is  determined.  Thus,  if  the  length  of  each  pendulum 
be  d9y  inches,  the  axis  will  make  a  revolution  in  two  seconds 
very  nearly.  If  we  attempt  to  force  it  more  swiftly  round,  the 
balls  will  recede  a  little  from  the  axis,  but  it  employs  as  long 
time  for  a  revolution  as  before  ;  and  we  cannot  make  it  turn 
swifter,  unless  the  impelling  power  be  increased  beyond  all 
probability ;  in  which  case  the  pendulum  will  fly  out  from  the 
centre  till  the  rods  are  horizontal,  after  which  every  increase 
of  power  will  accelerate  the  machine  very  sensibly.  Watt 
and  Boulton  have  applied  this  contrivance  with  great  inge- 
nuity to  their  steam-engines,  when  they  are  employed  for 
driving  machinery  for  manufactures  which  have  a  very  change- 
able resistance,  and  where  a  certain  speed  cannot  be  much 
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departed  from  without  great  inconvenience.  They  have  con- 
nected this  recess  of  the  balls  from  the  axis,  (which  gives  im- 
mediate indication  of  an  increase  of  power  or  a  diminution 
of  resistance,)  with  the  cock  which  admits  the  steam  to  the 
working  cylinder.  The  balls  flying  out,  cause  the  cock  to 
close  a  little,  and  diminish  the  supply  of  steam.  The  impel- 
ling power  diminishes  the  next  moment,  and  the  balls  again 
approach  the  axis,  and  the  rotation  goes  on  as  before,  although 
there  may  have  occurred  a  very  great  excess  or  deficiency  of 
power. 

A  fly  is  sometimes  employed  for  a  very  diflPerent  purpose 
from  that  of  a  regulator  of  motion — it  is  employed  as  a  cc/- 
lector  of  power.  Suppose  all  resistance  removed  from  the 
working  point  of  a  machine  furnished  with  a  very  large  or 
heavy  fly  immediately  connected  with  the  working  point. 
When  a  small  force  is  applied  to  the  impelled  point  of  this 
machine,  motion  will  begin  in  the  machine  and  the  fly  begin 
to  turn.  Continue  to  press,  uniformly,  and  the  machine  will 
accelerate.  This  may  be  continued  till  the  fly  has  acquired  a 
very  rapid  motion.  If  at  this  moment  a  resisting  body  be 
applied  to  the  working  point,  it  will  be  acted  on  with  very 
great  force ;  for  the  fly  has  now  accumulated  in  its  circum- 
lerence  a  very  great  momentum.  If  a  body  were  exposed 
immediately  to  the  action  of  this  circumference,  it  would  be 
violently  struck.  Much  more  will  it  be  so,  if  the  body  be 
exposed  to  the  action  of  the  working  point,  which,  perhaps, 
makes  one  turn  while  the  fly  makes  a  hundred.  It  will  exert 
a  hundred  times  more  force  there,  (very  nearly,)  than  at  its 
own  circumference.  All  the  motion  which  has  been  accu- 
mulated on  the  fly  during  the  whole  progress  of  its  accumu- 
lation, is  exerted  in  an  instant  at  the  working  point,  multi- 
plied by  the  momentum  depending  on  the  proportion  of  the 
parts  of  the  machine.  It  is  thus  that  the  coining  press  per- 
forms its  office  ;  nay,  it  is  thus  that  the  blacksmith  forges  a 
bar  of  iron.  Swinging  the  great  sledge  hammer  round  his 
head,  and  urging  it  with  force  the  whole  way,  this  accumulat- 
ed motion  is  at  once  extinguished  by  impact  on  the  iron.  It 
is  thus  also  we  drive  a  nail,  &c.  This  accumulating  power 
of  a  fly  has  occasioned  many  to  imagine  that  a  fly  really  adds 
power  or  mechanical  force  to  an  engine ;  and,  not  under- 
standing on  what  its  efficacy  depends,  they  often  place  the 
fly  in  a  situation  where  it  only  adds  a  useless  burden  to  the 
machine.  It  should  always  be  made  to  move  with  rapidity. 
If  intended  for  a  mere  regulator,  it  should  be  near  the  first 
movers   and  if  it  be  intended  to  accumulate  force  in  the 


02 


THE  OPERATIVE  MECHANIC 


working  point,  it  should  not  be  far  separated  from  it.  In  a 
certain  sense,  a  fly  may  be  said  to  add  power  to  a  machine, 
because  by  accumulating  into  the  exertion  of  one  moment  the 
exertions  of  many,  we  can  sometimes  overcome  an  obstacle  that 
we  never  could  have  balanced  by  the  same  machine,  unaided 
by  the  fly.  And  it  is  this  accumulation  of  force  which  gives 
such  an  appearance  of  power  to  some  of  our  first  viovers. 


ANIMAL  STRENGTH. 

Animal  strength  has  been  very  differently  estimated  by 
different  authors ;  but  this  is  not  to  be  wondered  at  when  we 
consider  the  many  difficulties  that  ever  must  attend  any  at- 
tempt to  subject  it  to  an  estimate.  Physical  causes  must  sen- 
sibly affect  the  extent  and  duration  of  animal  exertion,  cither 
in  man  or  beast ;  and  the  only  way  of  coming  to  any  thing  like 
an  accurate  result,  is  to  compare  the  experiments  of  the  different 
philosophers  who  have  attended  to  the  subject.  This  has  been 
already  done  by  Dr.  Young,  in  the  second  volume  of  his  PAi/o- 
sophyy  whose  valuable  tables  we  here  present  to  our  readers. 

Comparative  table  of  mechanical  forces. 

In  order  to  compare  the  different  estimates  of  the  force  of 
moving  powers,  it  will  be  convenient  to  take  a  unit  which  may 
be  considered  as  the  mean  effect  of  the  labour  of  an  active  man, 
working  to  the  greatest  possible  advantage,  and  without  impe- 
diment. This  will  be  found  on  a  moderate  estimation  sufficient 
to  raise  10  pounds,  10  feet  in  a  second,  for  ten  hours  in  a  day ; 
or  to  raise  a  100  pounds,  which  is  the  weight  of  twelve  wine 
gallons  of  water,  one  foot  in  a  second,  or  36,000  feet  in  a  day ; 
or  3,600,000  pounds,  or  432,000  gallons,  one  foot  in  a  day. 
This  we  may  call  a  force  of  one  continued  36,000". 

Immediate  force  of  men  ^  without  deduction  for  friction , 


A  man,  weighing"  133  pounds,  Fr.  ascended  62  feet, 
Fr.  by  steps,  in  34  ,  but  was  completely  exhausted. — 
Amontons 

A  sawyer  made  200  strokes  of  18  inches,  Fr.  each, 
in  145",  with  a  force  of  25  pounds,  Fr.  He  could  not 
have  gone  on  above  three  minutes. — Amontons  . 

A  man  can  raise  60  pounds,  Fr.  one  foot,  Fr.  in  1", 
for  eight  hours  a  day. — Bemouilli 

A  man  of  ordinary  strength  can  turn  a  winch  with  a 
force  of  30  pounds,  and  with  a  velocity  of  3}  feet  in  1", 
for  10  houxB  a  day.— Desaguliers 
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^  Two  men  working  at  a  windlass  with  handles  at 
right  angles,  can  raise  70  pounds  more  easily  than  one 
can  raise  30.— Desaguliers 1,22  1,22 

A  man  can  exert  a  force  of  40  pounds  for  a  whole 
day,  witli  the  assistance  of  a  fly,  when  the  motion  is 
pretty  quick,  at  about  four  or  five  feet  in  1''. — Desagu- 
liers, Lect.  iv.  But  from  the  annotation  it  appears  to  be 
doubtful  whether  the  force  is  40  pounds  or  20  ,2  ,2 

For  a  short  time  a  man  may  exert  a  force  of  80  pounds 
with  a  fly,  **  when  the  motion  is  pretty  quick."— Desa- 
guliers      " ,3 

A  man  going  up  stairs  ascends  14  metres  in  l^ — 
Coulomb 1,182        1' 

A  man  going  up  stairs  for  a  day  raises  205  chilio- 
grammes  to  the  height  of  a  cliiliometre. — Coulomb  .  ,412 

With  a  spade  a  man  does  nineteen-twentieths  as 
much  as  in  ascending  stairs. — Coulomb ,391 

With  a  winch  a  man  does  five-eighths  as  much  as  in 
ascending  stain.— Coulomb ,258 

A  man  carrying  wood  up  stairs  raises,  together  with 
his  own  weight,  109  chiliogrammes  to  one  chiliomctre. 
— Coulomb       . ,219 

A  man  weighing  150  pounds  Fr.  can  ;iscend  by 
stairs  three  feet,  Fr.  in  1"  for  15"  or  20".— Coulomb        5,22        20" 

For  half  an  hour,  100  pounds,  Fr.  may  be  ndsed  one 
foot,  Fr.  in  1".— Coulomb 1,152      30' 

According  to  Mr.  Buchanan's  comparison,  the  force 
exerted  in  turning  a  winch  being  made  equal  to  the 
unit,  the  force  in  pumping  will  be ,61 

In  ringing 1,36 

In  rowing 1,43 

Allowing  the  accuracy  of  Euler's  formula,  confirmed  ; 
by  Schulze,  supposing  a  man's  action  to  be  a  maximum 
when  he  walks  2^  miles  an  hour,  we  have  7^  for  his 
greatest  velocity,  ,04(7^ — ©)*for  the  force  exerted  witli 
any  other  velocity,  and  ,0160(7  J — »)2  for  the  action  in  j 
each  case;  thus,  when  the  velocity  is  one  mile  an  hour, 
the  action  is ,676; 

When  two  miles ,964 

When  three ,972 

When  four ,784 

And  when  five ,5 

And  the  force  in  a  smte  of  rest  becomes  2^,  or  about  70 
pounds;  with  a  velocity  of  two  miles,  36  pounds;  with  three, 
24  pounds;  and  with  four,  15. 

It  is  obvious  that  in  the  extreme  cases  this  formula  is  inac- 
curate, but  for  moderate  velocities  it  is  probably  a  tolerable 
approximation. 

Coulomb  makes  the  maximum  of  effect  when  a  man,  weigh- 
ing 70  chiliogrammes,  carries  a  weight  of  53  up  stairs,  but 
this  appears  to  be  too  great  a  load ;  he  considers  145  chili o* 
grammes  as  the  greatest  weight  that  can  be  raised.  He  ob- 
serves that  in  Martinique,  where  the  thermometer  is  seldom 
below  68%  the  labour  of  Europeans  is  reduced  to  ope-half. 
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Harriot  asserts  that  his  pump,  with  a  horizontal  motion, 
enables  a  man  to  do  one-third  more  work  than  the  common 
pump  with  a  vertical  motion. 

Porters  carry  from  200  to  300  pounds  at  the  rate  of  three 
miles  an  hour;  chairmen  walk  four  miles  an  hour  with  a  load 
of  150  pounds  each;  and  it  is  said  that  in  Turkey  there  are 
porters  who,  by  stooping  forward,  carry  from  700  to  900 
pounds  placed  very  low  on  their  backs. 

The  most  advantageous  weight  for  a  man  of  common 
strength  to  carry  horizontally,  is  1 11  pounds ;  or  if  he  returns 
unladen,  135.  With  wheel-barrows,  men  will  do  half  as  much 
more  work  as  with  hods. — Coulomb. 


Performance  of  men  by  machines, 

A  man  raised  by  a  rope  and  pulley  25  pounds^  Fr. 
220  feet,  Fr.  in  145".— Amontons 

A  man  can  raise,  by  a  good  common  pump,  a  hogs- 
head of  water  10  feet  high  in  a  minute,  for  a  whole 
day. — Dcsagulicrs . 

Dy  the  mercurial  pump,  or. any  other  good  pump,  a 
man  may  raise  a  hogshead  18  or  20  feet  in  a  minute, 
for  one  or  two  minutes       

In  a  pile  engine,  55^  pounds,  Fr.  were  raised  one 
foot,  Fr.  in  V  for  five  hours  a  day,  by  a  rope  drawn 
horizontally. — Coulomb 

Robison  says,  tliat  a  feeble  old  man  raised  seven  cu- 
bic feet  of  water,  11^  feet  in  1',  for  eight  or  ten  hours 
a  duv,  bv  walking  backwards  and  forwards  on  a  lever. 
—Enc.  Br 

A  young  man  weighing  135  pounds,  and  carrj'ing 
,*W,  mised  9^  cubic  feet,  11 J  feet  high,  for  10  hours  a 
da}',  without  fatigue. — Uobison 

Wynner's  machine  enables  a  man  to  raise  a  hogshead 
20  feet  in  a  minute. — Y •  .     .     .     . 

Force  of  horses. 

Two  hordes,  attached  to  a  plough  on  moderate 
ground,  exerted  eacli  a  force  of  150,  Tr. — Aniontons. 
We  m.ay  suppose  that  they  went  a  little  more  tffiin  two 
miles  an  hour,  for  eight  hours 

A  horse  draws  with  the  greatest  advantage  when  the 
line  of  direction  is  level  with  his  breast;  and  he  can 
draw  with  a  force  of  200  pounds,  2^  miles  an  hour,  for 
eight  hours  in  the  day 

With  a  force  of  240  only  six  hours.  On  a  carriage, 
indeed,  where  friction  alone  is  to  be  overcome,  a  mid- 
dling horse  will  draw  1000  pounds. — Desagidiers     . 

The  mean  draught  of  four  horses  was  36  myrio- 
grammes  each,  or  794  pounds. — Regnier.  This  must 
have  been  momentary'.  Supposing  the  velocity  two  feet 
in  a  second,  the  action  would  have  been    .... 

By  means  of  pumps  a  horse  can  raise  250  hogsheads 
of  water,  10  feet  high,  in  an  hour.— Smeaton's  Reports 
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A  horse  can  in  general  draw  no  more  up  a  steep  hill  than 
three  men  can  carry ;  that  is  from  450  to  750  pounds ;  but 
a  strong  horse  can  draw  2000  pounds  up  a  steep  hill,  which  is 
but  short.  The  worst  way  of  applying  the  force  of  a  horse,  is 
to  make  him  carry  or  draw  up  hill;  for  if  the  hill  be  steep, 
three  men  will  do  more  than  a  horse,  each  man  climbing  up 
faster  with  a  burden  of  100  pounds  weight,  than  a  horse  that 
is  loaded  with  300  pounds:  a  difference  which  is  owing  to 
the  position  of  the  parts  of  the  human  body  being  better  adapt- 
ed to  climb  than  those  of  a  horse. 

On  the  other  hand,  the  best  way  of  applying  the  force  of  a 
horse,  is  an  horizontal  direction,  wherein  a  man  can  exert  least 
force  ;  thus  a  man,  weighing  140  pounds,  and  drawing  a  boat 
along,  by  means  of  a  rope  coming  over  his  shoulders,  cannot 
draw  above  27  pounds,  or  exert  above  one-seventh  part  of  the 
force  of  a  horse  employed  to  the  same  purpose. 

The  very  best  and  most  eflfectual  posture  in  a  man  is  that  of 
rowing;  wherein  he  not  only  acts  with  more  muscles  at  once 
for  overcoming  the  resistance  than  in  any  other  position;  but 
as  he  pulls  backwards,  the  weight  of  his  body  assists  by  way 
of  lever. — Desaguliers. 

The  diameter  of  a  walk  for  a  horse-mill  ought  to  be  at  least 
25  or  30  feet. — Desaguliers. 

Some  horses  have  carried  650  or  700  pounds,  seven  or 
eight  miles,  without  resting,  as  their  ordinary  work ;  and  a 
horse  at  Stourbridge  carried  eleven  hundred  weight  of  iron, 
or  J 232  pounds,  for  eight  miles. — Desaguliers,  Experimental 
Philosophy y  vol.  i. 
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Cazanel  says,  that  a  iniile  works  in  the  West  Indies  two 
hours  out  of  about  18,  with  a  force  of  about  150  pounds, 
walking  three  feet  in  a  second. — Dr.  Young's  Plulowphy.  4,5     2*  4(/     1,2 

These  examples  exhibit  the  great  advantages  which  may 
be  gained  by  directing  the  exertion  of  animals  in  a  proper 
course,  their  effects  being  plainly  reducible  to  the  operations 
of  mechanical  powers.  To  describe  the  various  modes  of 
applying  animal  strength,  as  a  first  mover  of  mechanical  en- 
gines, would  greatly  exceed  our  limits;  we  shall  therefore 
merely  state,  that  the  most  common  machine  for  receiving 
the  force  of  animals  is  the  horse-walk,  which  aflbrds  the  means 
of  applying  the  action  of  that  animal  to  create  rotative  motion. 
The  horse  walk  is  formed  of  an  horizontal  lever  or  arm, 
attached  to  an  upright  spindle.    The  lever  should  not  be  less 
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than  twelve  feet,  as  the  labour  of  the  animal  is  greadf  in* 
creaaed  by  a  small  curve,  which  causes  an  unequal  resistance 
upon  his  two  shoulders.  The  machine  should  be  so  regulated 
that  the  horse  may  not  be  required  to  deviate  from  his  usual 
pace  of  two  miles  and  a  half,  with  a  burden,  an  hour.  The 
gives,  in  which  the  horse  works,  should  not  be  immovably 
fixed  to  the  arms,  but  hung  by  a  swivel  joint,  so  that  he 
may  place  himself  in  the  most  comfortable  position.  The 
work  should  be  supplied  to  the  machinery  as  regularly  as 
possible. 

Having,  in  the  preceding  account,  stated  the  mean  results 
of  human  ezeruon  when  applied  to  regular  and  uniform 
labour,  we  shall  in  the  next  place  proceed  to  notice  some 
extraordinary  feats  of  strength,  as  well  as  some  that  had  the 
appearance  of  being  such,  but  which -were,  in  reality,  the 
mere  effects  of  contrivance  and  skill,  and  which  might  have 
been  performed  by  almost  any  men  who  were  possessed  of 
that  knowledge  of  their  construction  as  would  enable  them 
similarly  (o  exert  their  strength  to  the  best  advantage.  v 

M.  de  la  Hire,  in  B,n  Examination  of  the  Force  qf  Men^ 
(vide  Memoirs  of  the  Academy  of  Sciences  for  1699|}  says, 
^  There  are  men  whose  spirits  flow  so  abundantly  into  their 
muscles,  that  they  exert  tnree  or  four  times  niore  strength 
than  others  do ;  and  this  seems  to  be  the  natural  reason  of 
the  surprising  strength  that  we  see  in  some  men  who  carry 
and  raise  weights  which  two  or  three  ordinary  men  can 
hardly  sustain,  though  these  men  be  sometimes  but  of  a 
moderate  stature,  and  rather  appear  weak  than  strong. 
There  was  a  man  in  this  country  a  little  while  ago,  who 
would  carry  a  very  large  anvil,  and  of  whom  was  reported 
several  wonderful  feats  of  strength.  But  I  saw  another  at 
Venice,  who  was  but  a  lad,  and  did  not  seem  able  to  carry 
above  forty  or  fifty  pounds,  with  all  possible  advantages ;  yet 
this  young  fellow,  standing  upon  a  table,  raised  from  the 
earth,  and  sustained  off  the  ground,  an  ass,  by  means  of  a 
broad  girth,  which,  going  under  the  creature's  belly,  was  hung 
upon  two  hooks  that  were  fastened  to  a  plat  of  small  cords 
coming  down  in  tresses  from  the  hair  on  each  side  of  the 
lad's  head,  which  were  in  no  great  quantity.  And  all  this 
great  force  depended  only  upon  the  muscles  of  the  shoulders  and 
those  of  the  loins:  for  he  stooped  at  first  whilst  the  hooks 
were  fastened  to  the  girth,  and  then  raised  himself,  and 
lifted  up  the  ass  from  the  ground,  bearing  with  his  hands 
upon  his  knees.  He  raised  also  in  the  same  manner  other 
weights  that  seemed  heavier,  and  used  to  say  he  did  with 
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more  ease«  because  the  ass  kicked  and  struggled  when  first 
lifted  from  the  ground." 

Dr.  Desaguliers,  in  some  annotations  upon  De  la  Hire's 
paper,  says,  ^^  What  he  attributes  here  to  the  muscles  of  the 
binsy  were  really  performed  by  the  extensors  of  the  legs ;  for 
the  young  man's  stooping  with  his  hands  upon  his  knees  was 
not  with  his  body  forwards  and  his  knees  stiff,  but  his  body 
upright  and  his  knees  bent,  so  as  to  bring  the  two  cords  with 
which  he  lifted  to  be  in  the  same  plane  with  his  ancles  and 
the  heads  of  his  thigh-bones ;  by  which  means  the  line  of 
direction  of  the  man  and  the  whole  weight  came  between  the 
strongest  part  of  his  two  feet,  which  are  the  supports :  then 
as  he  extended  his  legs  he  raised  himself,  without  changing 
the  line  of  direction.  That  this  must  have  been  the  manner 
I  am  pretty  well  assured  of,  by  not  only  observing  those  that 
perform  such  feats,  but  having  often  tried  it  myself.  As  for 
the  muscles  of  the  loins,  they  are  incapable  of  that  strain, 
being  above  six  times  weaker  than  the  extensors  of  the  legs ; 
at  least  I  found  them  so  in  myself. 

^*  About  the  year  1716,  having  the  honour  of  showing  a 
ereat  many  experiments  to  his  late  majesty  King  George  I., 
his  majesty  was  desirous  to  know  whether  there  were  any 
fallacy  in  those  feats  of  strength  that  had  been  shown  half 
a  year  before  by  a  man,  who  seemed  by  his  make  to  be  no 
stronger  than  other  men :  upon  this  I  had  a  frame  of  wood 
made  to  stand  in,  (and  to  rest  my  hands  upon,)  and  with  a 
girdle  and  chain  lifted  an  iron  cylinder,  made  use  of  to  roll 
the  garden,  sustaining  it  easily  when  once  it  was  up.  Some 
noblemen  and  gentlemen  who  were  present  tried  the  ex- 
periment afterwards,  and  lifted  the  roller ;  some  with  more 
case,  and  some  with  more  difficulty,  than  I  had  done.  This 
roller  weighed  1,900  pounds,  as  the  gardener  told  us.  After- 
wards I  tried  to  lift  300  pounds  with  my  hands,  (viz.  two 
pails  with  150  pounds  of  quicksilver  in  each,)  which  I  did 
indeed  raise  from  the  ground,  but  strained  my  back  so  as  to 
feel  it  three  or  four  days;  which  shows  that,  in  the  same  per- 
son, the  muscles  of  the  loins,  (which  exerted  their  force  in 
this  last  experiment^are  more  than  six  times  weaker  than 
the  extensors  of  the  l|gs ;  for  I  felt  no  inconveniency  from 
raising  the  iron  roller." 

During  the  time  that  Dr.  Desaguliers  was  occupied  in 
printing  the  second  volume  of  his  Philosophy^  a  man  of  great 
natural  strength  exhibited  himself  in  London,  of  whom  the 
doctor  gives  the  following  account. 

10 
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*^  Thomas  Popham,  bom  in  London,  and  now  about  thirty- 
one  years  of  age,  five  feet  ten  inches  high,  with  muscles  very 
hard  and  prominent,  was  brought  up  a  carpenter,  which  trade 
he  practised  till  within  these  six  or  seven  years  that  he  has 
showed  feats  of  strength;  but  he  is  entirely  ignorant  of  any 
art  to  make  his  strength  more  Surprising.  Nay,  sometimes 
he  does  things  which  become  more  difficult  by  his  disadvan- 
tageous situation ;  attempting,  and  often  doing,  what  he  hears 
other  strong  men  have  done,  without  making  use  of  the  same 
advantages. 

^^  About  six  years  ago  he  pulled  against  a  horse,  sitting  upon 
the  ground  with  his  feet  against  two  stumps  driven  into  the 
ground,  but  without  the  advantages  which  might  have  been 
attained  by  placing  himself  in  a  proper  situation ;  the  horse, 
however  was  not  able  to  move  him,  and  he  thought  he  was 
in  the  right  posture  for  drawing  against  a  horse ;  but  when, 
in  the  same  posture,  he  attempted  to  draw  against  two  horses, 
be  was  pulled  out  of  his  place  by  being  lifted  up,  and  had 
one  of  his  knees  struck  against  the  stumps,  which  shattered 
it  so,  that,  even  to  this  day,  the  patella^  or  knee-pan,  is  so 
loose,  that  the  ligaments  of  it  seem  either  to  be  broken  or 
quite  relaxed,  which  has  taken  away  most  of  the  strength  of 
that  leg." 

Dr.  Desaguliers  then  relates  the  exploits  which  he  saw  him 
perform. 

"  1 .  By  the  strength  of  his  fingers,  (only  rubbed  in  coal 
ashes  to  prevent  them  from  slipping,)  he  rolled  up  a  very 
strong  and  large  pewter  dish. 

"  2.  He  broke  seven  or  eight  short  and  strong  pieces  of 
tobacco-pipe  with  the  force  of  his  middle  finger,  having  laid 
them  on  the  first  and  third  finger. 

"  3.  Having  thrust  in  under  his  garter  the  bowl  of  a  strong 
tobacco-pipe,  his  legs  being  bent,  he  broke  it  to  pieces  by  the 
tendons  of  his  hams,  without  altering  the  bending  of  his  knee. 

^^  4.  He  broke  such  another  bowl  between  his  first  and 
second  finger,  by  pressing  his  fingers  together  sideways. 

^^  5.  He  lifted  a  table  six  feet  long,  which  had  half  a  hundred 
weight  hanging  at  the  end  of  it,  with  his  teeth,  and  held  it  in 
an  horizontal  position  for  a  consideralJjNime.  It  is  true,  the 
feet  of  the  table  rested  against  his  knees ;  but,  as  the  length 
of  the  table  was  much  greater  than  its  height,  that  per- 
formance required  a  great  strength  to  be  exerted  by  the  mus- 
cles of  his  loins,  those  of  his  neck,  the  masseter  and  temporal^ 
(muscles  of  the  jaws,)  besides  a  good  set  of  teeth. 
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**  6.  He  took  an  Iron  kitchen  poker,  about  a  yard  long,  and 
three  inches  in  circumference,  and,  holding  it  in  his  right 
hand,  he  struck  upon  his  bare  left  arm,  between  the  elbow  and 
the  wrist,  till  he  bent  the  poker  nearly  to  a  right  angle. 

*^  7.  He  took  such  another  poker,  and  holding  the  ends  of  it 
in  his  hands,  and  the  middle  against  the  back  of  his  neck,  he 
brought  both  ends  of  it  together  before  him ;  and,  what  was 
yet  more  difficult,  he  pulled  it  almost  straight  again:  because 
the  muscles  which  separate  the  arms  horizontally  from  each 
other  are  not  so  strong  as  those  that  bring  them  together. 

*^  8.  He  broke  a  rope  of  about  two  inches  in  circumference, 
which  was  in  part  wound  about  a  cylinder  of  four  inches 
diameter,  having  fastened  the  other  end  of  it  to  straps  that 
went  over  his  shoulders.  But  he  exerted  more  force  to  do 
this  than  any  other  of  his  feats,  from  his  awkwardness  in 
going  about  it;  for  the  rope  yielded  and  stretched  as  he  stood 
upon  the  cylinder,  so  that  when  the  extensors  of  the  legs  and 
thighs  had  done  their  office  in  bringing  his  legs  and  thighs 
straight,  he  was  forced  to  raise  his  heels  from  their  bearings, 
and  use  other  muscles  that  are  weaker.  But  if  the  rope  had 
been  so  fixed  that  the  rope  to  be  broken  had  been  short,  it 
would  have  been  broken  with  four  times  less  difficulty. 

*^9.  I  have  seen  him  lift  a  rolling  stone  of  about  800 
pounds  with  his  hands  only,  standing  in  a  frame  above  it, 
and  taking  hold  of  a  chain  that  was  fastened  to  it.  By  this, 
I  reckon,  he  may  be  almost  as  strong  again  as  those  who 
are  generally  reckoned  the  strongest  men,  they  generally  lift- 
ing no  more  than  400  pounds  in  that  manner.  The  weakest 
men  who  are  in  health,  and  not  too  fat,  lift  about  125  pounds, 
having  about  half  the  strength  of  the  strongest. 

"  N.  B.  This  sort  of  comparison  is  chiefly  in  relation  to  the 
muscles  of  the  loins ;  because  in  doing  this,  one  must  stoop 
forwards  a  little.  We  must  also  add  the  weight  of  the  body 
to  the  weight  lifted.  So  that  if  the  weakest  man's  body 
weighs  150  pounds,  that,  added  to  125  pounds,  makes  the 
whole  weight  lifted  by  him  to  be  275  pounds.  Then,  if  the 
strongest  man's  body  weighs  also  150  pounds,  the  whole 
weight  lifted  by  him  will  be  about  550  pounds,  that  is  400 
pounds  and  the  150  pounds  which  his  body  weighs.  Popham 
weighs  about  200  pounds,  which,  added  to  the  800  pounds 
that  he  lifts,  makes  1000  pounds.  But  he  ought  to  lift 
900  pounds  besides  the  weight  of  his  body,  to  be  as 
strong  again  as  a  man  of  150  pounds  weight  who  can  lift  400 
pounds. 

"  About  thirty  years  ago,  one  Joyce^  a  Kentish  man,  famous 
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for  his  great  strength,  showed  several  feats  in  London  and  the 
country,  which  so  much  surprised  the  spectators,  that  he  was 
by  most  people  called  the  second  Sampson,  But  though 
the  postures  which  he  had  learnt  to  put  his  body  into,  and 
found  out  by  practice,  without  any  mechanical  theory,  were 
such  as  would  make  a  man  of  common  strength  do  such  feats 
as  would  appear  surprising  to  every  one  who  did  not  knovr 
the  advantage  of  those  positions  of  the  body,  yet  nobody 
then  attempted  to  draw  against  horses,  or  raise  great  weights, 
or  to  do  any  thing  in  imitation  of  him :  because,  as  he  was 
very  strong  in  the  arms,  and  grasped  those  that  tried  his 
strength  that  way  so  hard  that  they  were  obliged  immediately 
to  desire  him  to  desist,  his  other  feats,  (wherein  his  manner 
of  acting  was  chiefly  owing  to  the  mechanical  advantage  gain- 
ed by  the  position  of  his  body,)  were  entirely  attributed  to  his 
extraordinary  strength. 

^^  But  when  he  had  been  gone  out  of  England,  or  had  ceased 
to  show  his  performances,  for  eight  or  ten  years,  men  of 
ordinary  strength  had  found  out  the  way  of  making  such  ad- 
vantage of  the  same  postures  as  Joyce  had  put  himself  into, 
as  to  pass  for  men  of  more  than  common  strength,  by  draw- 
ing against  horses,  breaking  ropes,  lifting  vast  weights,  &c. 
though  they  could  in  none  of  the  postures  really  perform  so 
much  as  Joyce^  yet  they  did  enough  to  amaze  and  amuse,  and 
get  a  deal  of  money,  so  that  every  two  or  three  years  we  had 
a  new  second  Sampson. 

*'*'  About  fifteen  years  ago  a  German  of  middle  size,  and  but 
ordinary  strength,  showed  himself  at  the  Blue  Posts^  in  the 
Hay  market,  and,  by  the  contrivances  above-mentioned,  passed 
for  a  man  of  uncommon  strength,  and  gained  considerable  sums 
of  money  by  the  daily  concourse  of  spectators.  After  having 
seen  him  once,  I  guessed  at  his  manner  of  imposing  upon  the 
multitude ;  and  being  resolved  to  be  fully  satisfied  in  the 
matter,  I  took  four  very  curious  persons  with  me  to  see  him 
again,  viz.  the  Lord  Marquis  of  Tullibardin,  Dr.  Alexander 
Smart,  Dr.  Pringle,  and  a  mechanical  workman,  who  used  to 
assist  me  in  my  courses  of  experiments.  We  placed  our- 
selves in  such  manner  round  the  operator,  as  to  be  able  to 
observe  nicely  all  that  he  did ;  and  found  it  so  practicable, 
that  we  performed  several  of  his  feats  that  evening  by  our- 
selves, and  afterwards  I  did  the  most  of  the  rest,  as  I  had  a 
frame  to  sit  in  to  draw,  and  another  to  stand  in  and  lift 
weights,  together  with  a  proper  girdle  and  hooks.  I  likewise 
showed  some  of  the  experiments  before  the  Royal  Society ; 
and  ever  since,  at  my  experimental  lectures,  I  explain  the 
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reason  of  such  performances,  and  take  any  person  of  ordinary 
strength  that  has  a  mind  to  try,  who  can  easily  do  all  that  the 
German  above-mentioned  used  to  do,  without  any  danger  or 
extraordinary  straining,  by  making  use  of  my  apparatus  for 
that  purpose. 

**  In  order  to  explain  how  great  feats  may  be  performed  by 
men  of  no  extraordinary  strength,  I  have  in  fig.  79,  drawn 
the  lower  part  of  a  skeleton,  containing  so  many  of  the  bones 
of  the  human  body  as  are  concerned  in  these  operations,  mak- 
ing the  figure  pretty  large,  to  show  the  better  how  the  girdle 
is  to  be  applied. 

*^  The  bones  marked  I S  A  P  H  I,*  which  compose  the  ca- 
vity called  the  pelvis,  contain  a  bony  circle  or  double  arch  of 
such  strength,  that  it  would  require  an  immense  force  to  break 
them  by  an  external  pressure  directed  towards  the  centre  of 
the  circle,  or  the  middle  of  the  pelvis.  It  is  also  to  be  ob- 
served, that  those  parts  of  this  bony  circumference,  which 
receive  uie  heads  of  the  thigh-bone  above,  at,  and  below  A, 
called  the  ischium  or  coxendix,  are  the  strongest  of  all,  so 
that  a  very  great  force  may  push  the  heads  of  the  thigh-bones 
upwards,  or,  which  is  the  same  thing,  the  upper  parts  of  the 
coxendix  downwards,  or  towards  each  other  in  a  lateral 
direction  from  A  to  A,  without  doing  any  hurt  to  the  human 
body. 

"  Now  if  the  girdle  above  described  be  put  round  the  body 
in  the  manner  represented  in  the  figure,  and  be  drawn  down- 
wards at  G,  by  a  great  weight  W,  it  will  press  on  the  os 
sacrum  behind,  and  the  ilium;  then  it  will,  by  its  pressure  on 
TT,  the  great  trochanters  of  the  thigh-bones,  draw  the  round 
heads  the  faster  into  their  sockets,  so  as  to  make  them  less 
liable  to  slip  out  and  strain  the  ligament  by  a  push  directed 
upwards.  So  that  the  semicircular  part  of  the  girdle,  T  C  S  C  T, 
presses  together  the  bony  arch  denoted  by  the  same  letters^ 
which,  according  to  the  nature  of  arches,  is  the  stronger  for 
that  pressure.  The  abutments  of  the  arch  cannot  come 
nearer  together  by  reason  of  the  resistance  of  the  strong 
bones  A  P  A,  neither  can  they  fly  outwards,  because  the 
girdle  keeps  them  together.  Then  the  thighs  and  legs  TDll 
are  two  strong  columns,  capable  of  sustaining  40CX)  or  5000 

*  These  bones  are  thus  distinp^ishcd  by  anatomists:  S,  the  os  sacrum;  1 T, 
the  ilium;  A  A,  the  os  ischium;  whose  strongest  part  has  on  each  side  an  hc- 
XDispherical  concave,  in  which  the  round  head  ot'  the  thigh-bone  is  received 
and  turns  round,  being  held  by  a  strong  ligament  in  its  middle;  those  parts 
of  the  bone  that  join  together  before,  betwixt  A  A  and  above  P,  are  called 
the  OS  pubis,  or  ossa  pubis. 
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pounds  at  least,  provided  they  stand  quite  upright.  The 
muscles  here  are  put  to  no  strain,  being  no  further  concerned 
than  to  balance  each  other;  that  is,  the  antagonist  muscle89 
extensors,  and  flexors,  only  keep  the  bones  in  their  place, 
which  makes  them  resist  like  one  entire  bone  formed  into  aa 
arch. 

^^  This  shows  how  easily  the  man,  fig.  80,  may  sustain  a 
cannon  of  2000  or  3000  pounds  weight.  The  same  solution 
will  also  serve  for  the  resistance  of  the  man,  fig.  81,  whbm 
five  men,  nay  ten  men,  or  two  horses,  cannot  pull  out  of  his 
situation  when  he  sits  so  as  to  have  his  legs  and  thighs  in 
the  horizontal  line  P  F,  or  in  a  line  inclining  downward^ 
towards  A,  for  then,  though  there  is  a  difference  in  the  sitting 
posture  from  the  standing  posture  before  described,  yet  by 
reason  of  the  mobility  of  the  heads  of  the  thigh-bones,  in  the 
acetabula  or  cavities  of  the  coxendix,  the  arch  is  the  same 
and  as  strong  as  before,  its  abutments  being  equally  sup- 
ported by  the  legs  and  thighs.  It  is  only  the  bending^f  the 
back-bone  above  the  girdle  to  bring  up  the  body  which  makes 
the  difference  of  position  in  the  man,  though  not  sensibly  in 
the  resisting  parts. 

^^  In  breaking  a  rope  the  muscles  must  act  in  extending  the 
legs;  and  that  we  may  the  better  explain  that  action,  we  must 
consider  a  man  breaking  the  rope,  as  represented  in  fig.  82. 
Suppose  a  rope  fastened  to  a  post  at  P,  or  any  other  fixed 
point,  is  brought  through  an  iron  eye  L,  to  the  hook  of  the 
girdle  H,  of  the  man  H  I,  and  so  fixed  to  it  by  a  loop,  or 
otherwise,  as  to  be  quite  tight,  whilst  the  man's  knees  are  so 
bended  as  to  want  about  an  inch  of  having  his  legs  and 
thighs  quite  upright.  Then  if  the  man  on  a  sudden  stretches 
his  legs  and  sets  himself  upright,  he  will  with  ease  break  the 
very  same  rope  which  held  two  horses  exerting  their  whole 
strength  when  they  drew  against  him ;  such  as  a  cart  rope, 
or  a  rope  of  near  thrce-quarters-of  an  inch  diameter,  which 
may  be  broken  by  a  man  of  middling  strength,  by  the  action 
of  the  ten  muscles^  that  extend  the  legs,  five  belonging  to 
each  leg. 

•  The  four  muscles  that  extend  cacli  legf  a|*e  described  by.  anatomists 
thus: — 1.  The  rectus,  arisiug"  from  the  anterior  inferior  spine  of  the  os  iUiim, 
and  inserted,  throug^h  the  medium  of  the  patella,  into  the  anterior  tuberosity 
of  the  tibia.  2.  Tlie  cruralis,  situated  beneath  the  former,  and  arising  from 
the  front  surface  of  tlie  os  femorls  f«)r  a  considerable  extent,  and  inserted 
into  the  upper  edge  of  the  patella,  and  also,  through  the  medium  of  that  bone» 
into  the  anterior  tuberosity  of  the  tibia.  3.  The  vastus  externus,  arising  from 
the  root  of  the  trochanter  major,  and  outer  side  of  the  os  femoris,  and  in- 
serted into  the  outer  edge  of  the  patelhi,  and  again,  through  its  medium,  into 
the  anterior  tuberosity  of  the  tibia.    4.  The  vastus  intemusj  which  arises  from 
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.  "  In  breaking  the  rope  one  thing  is  to  be  observed,  which 
will  much  facilitate  the  performance;  and  that  is,  to  place  the 
iron  eye  L,  through  which  the  rope  goes,  in  such  a  situation, 
that  a  plane  going  through  its  ring  shall  be  parallel,  or  nearly- 
parallel  to  the  two  parts  of  the  rope  ;  because  then  the  rope 
will  in  a  manner  be  jammed  in  it,  and  not  slipping  through 
it,  the  whole  force  of  the  man's  action  will  be  exerted  on 
that  part  of  the  rope  which  is  in  the  eye,  which  will  make  it 
break  more  easily  than  if  more  parts  of  the  rope  were  acted 
upon.  So  that  the  eye,  though  made  round  and  smooth,  may 
be  said  in  some  measure  to  cut  the  rope.  And  it  is  after  this 
manner  that  one  may  break  a  whip-cord,  nay,  a  small  jack- 
line,  with  one's  hand,  without  hurting  it;  only  by  bringing 
one  part  of  the  rope  to  cut  the  other ;  that  is,  placing  it  so 
round  one's  left  hand,  that,  by  a  sudden  jerk,  the  whole  force 
exerted  shall  act  upon  one  point  of  the  rope.  See  fig.  83, 
where  the  cord  to  be  broken  at  the  point  L  in  the  left  hand, 
is  marked  according  to  its  course,  by  the  letters  R  T  S  L  M 
N  O  P  Q,  folding  once  about  the  right  hand,  then  going  under 
the  thumb  into  the  middle  of  the  left  hand;  where  crossing 
under  another  part,  it  is  brought  back  under  the  thumb  again 
to  M,  then  round  the  back  of  the  hand  to  N,  so  through  the 
loop  at  L  to  O,  and  three  times  round  the  little  finger  at  P 
and  Q;  which  last  is  only  that  the  loop  N  O  may  not  give 
way.  Before  the  hands  are  jerked  from  one  another,  the  left 
hand  must  be  shut,  but  the  thumb  must  be  held  loose,  lest 
pressing  against  the  fore-finger  it  should  hinder  the  part  TL 
of  the  rope  from  carrying  the  force  fully  to  the  point  L ;  but 
the  little  finger  and  that  next  to  it  must  be  held  hard,  to  keep 
the  loop  N  O  firm  in  its  place. 

"  There  are  several  cases,  wherein  it  would  be  of  singular 
use  to  apply  the  force  of  one  or  more  men,  by  means  of  the 
girdle  or  hook  and  chain,  in  the  manner  above-mentioned  ; 
as  for  example,  when  the  resistance  is  very  great,  biit  the 
bodies  that  resist  are  to  be  removed  but  a  little  way :  if  we 
lift  very  heavy  goods  a  small  height,  to  remove  any  thing 
from  under  them ;  if  we  would  draw  a  bolt  or  staple,  and  find 
we  cannot  do  it  even  with  an  iron  crow,  the  hand  pulling  it 
upwards  at  the  end;  then  the  hook  of  the  girdle  being  applied 
at  the  end  of  the  crow,  the  force  excried  by  stretching  the 
legs  would  be  tenfold  of  what  the  hands  were  able  to  do, 
without  more  help  at  the  saine  place. 

^^  There  may  also  be  many  occasions  on  board  a  ship.  I  will 

the  root  of  the  trochanter  minor,  and  inner  surface  of  the  os  femoris,  and  in- 
serted into  the  inner  edge  of  the  patella,  and  likewise,  throngli  its  medium, 
intu  the  anterior  tubei*o:»itv  of  the  tibia  with  the  former  muscles. 
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instance  but  one.  Let  FG^  fig.  84,  be  the  tackle  for  raising 
or  lowering  the  main-top-mast,  part  of  which  is  represented 
by  m  1,  m  2;  the  block  G  is  fixed  below,  and  as  the  block  F 
comes  down,  it  pulls  along  with  it  the  top  rope  F  B  C,  m  1 
running  over  the  block  B,  fixed  at  A,  and  round  the  block  C 
in  the  heel  of  the  top-mast,  so  as  to  draw  up  the  lower  end 
fn  1  of  the  said  main*top-mast,  which,  when  hoisted  up  to  ita 
due  height,  is  made  fast  by  the  iron  pin  or  fid  I,  which  is 
thrust  through  it,  and  then  its  own  weight  and  the  hole  D  of 
the  cap  will  keep  it  in  its  place.  We  will  suppose  that  the 
force  required  thus  to  raise  the  mast  must  be  that  of  six  mea 
pulling  upon  deck  at  the  fall  of  the  tackle,  that  is,  at  the 
running  rope  F  G  K  at  K  on  the  other  side  of  the  main-mast 
L  /.  Now  in  order  to  let  down  this  mast  on  the  sudden,  as 
in  case  of  hard  weather,  it  is  necessary  the  tackle  and  power 
must  be  made  use  of,  though  it  be  but  to  lift  it  a  very  little 
way,  that  a  man  may  be  able  to  get  out  the  fid  I,  before  the 
said  mast  can  be  let  down  and  slip  to  N  on  the  side  of  the 
main-mast.  I  say,  that  if  the  hands  are  so  employed  other- 
wise, that  instead  of  six  men  there  be  only  one  man  at  the 
rope  K ;  if  he  has  a  strong  girdle  to  which  he  fastens  it,  or 
makes  a  bow  in  the  rope  itself,  to  fix  it  round  the  lower  part 
of  his  back,  &c.,  he  may  exert  much  more  force  in  the  direc- 
tion GK  than  the  six  men  in  the  common  way  of  pulling; 
and  if  he  draws  to  him,  sitting  on  the  ground,  and  pushing 
his  feet  against  the  first  firm  obstacle  that  he  finds,  as  against 
O  P,  only  two  inches  of  the  rope  G  K,  he  will  raise  up  the 
main-top-mast  the  third  part  of  an  inch,  which  will  be  suffi- 
cient for  the  iron  fid  I  to  be  drawn  out."  Desaguliers^ 
Philosophi/y  vol.  i. 

WATER-MILLS. 

Water-mill  is  the  name  by  which  all  mills  are  designat- 
ed that  receive  their  motion  from  the  impulse  of  the  water. 
As  each  of  these  mills  will  come  under  their  respective  heads, 
we  shall,  in  the  present  article,  confine  ourselves  to  a  minute 
description  of  the  different  kinds  of  water-wheels,  by  whose 
axis  the  force  with  which  they  have  been  impressed  may  be 
transmitted  to  move  any  species  of  machinery,  howerer  sim- 
ple or  complex. 

But,  notwithstanding  the  extensive  signification  of  the 
term  water-mill  when  applied  to  the  different  branches  of 
manufacture  carried  on  therein,  we  have  another,  and  still 
tnore  simple  division,  arising  from  the  peculiar  construction 
of  the  water-wheel,  termed  the  undershot-mill,  the  overshot- 
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sull^  and  the  breast-mill.  There  is  also  another  called  the  mill 
with  horizontal  wheels ;  but  as  this  is  very  disadvantageous 
in-point  of  practical  utility,  we  shall  forbear  to  describe  it. 
The  tmtkrahoUwheel  is  used  only  in  streams,  and  is  acted 
upon  by  the  water  striking  the  float-boards  at  the  lower  cir- 
cumference of  the  wheel.  In  the  overaheUwheel  the  water  is 
5 loured  over  the  top  of  the  wheel,  and  is  received  in  buckets 
bnfied  all  round  tne  wheel  for  that  purpose.  And  in  the 
treaaUwheel  the  water  fiJls  down  upon  the  wheel  at  ri^t  an- 
ffles  to^the  float-boSrds,  or  buckets  placed  round  the  circum- 
ference of  the  wheel  to  receive  it. 

UNDERSHOT-WHEELS. 

Ma .  John  She aton  has  made  numerous  experiments  upon 
the  different  kinds  of  water-wheels,  the  results  of  which  were 
laid  be£Dre  die  Royal  Society.  The  time  that  has  elapsed 
since  die  |>eri6d  when  they  were  first  riven  to  the  world,  has 
been  sufficient  to  prove  their  fallacy,  if  any  had  existed ;  and 
the  high  estimation  in  which  they  still  continue  to  be  held  by 
aoadiftaiaticians  and  mechanics,  is  certain  evidence  of  their 
value  and  importance. 

]Mr.  Smeaton  prefaces  a  minute  description  of  the  machines 
and  models  used  by  him  for  his  experiments,  with  an  obser- 
vation, that  what  he  has  to  communicate  on  the  subject  was 
originally  deduced  from  experiments,  which  he  looks  upon 
as  tne  best  means  of  obtaining  the  outlines  in  mechanical 
inquiry.  **  But  in  such  cases,"  says  he,  ^^  it  is  very  necessary 
to  distinguish  the  circumstances  in  which  a  model  differs 
from  a  machine  in  large ;  otherwise  a  model  is  more  apt  to 
lead  us  from  the  truth  than  towards  it:  and,  indeed,  though 
the  utmost  circumspection  be  used  in  this  way,  the  best 
structure  of  machines  cannot  be  fully  ascertained  but  by 
making  trials  with  them,  when  made  of  their  proper  size. 
It  was  for  this  reason,  though  the  models  and  experiments 
referred  to  were  made  in  the  years  1752  and  1753,  that  I 
have  deferred  offering  them  to  the  Society  until  I  had  an 
opportunity  of  putting  the  deductions  made  therefrom  in  real 
practice^  in  a  variety  of  cases,  and  for  various  purposes,  so  as 
to  be  able  to  assure  the  Society  that  I  have  found  them  to  an^ 

Mr.  Smeaton  then  remarks,  that  the  word  power,  as  used 
in  practical  mechanics,  signifies  the  exertion  of  strength,  gra- 
vitation, impulse,  or  pressure,  s6  as  to  produce  motion :  and 
by  means  ot  stren^,  graviCation,  impulse,  or  pressure,  com- 
pounded with  motion,  to  be  capable  of  producing  an  effect; 

11 
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and  that  no  effect  is  properly  mechanical,  but  what  reqmres 
such  a  kind  of  power  to  produce  it. 

Having  described  the  models  and  machines  used  for  making 
bis  experiments,  he  observes  that  with  regard  to  power^  it  is 
most  properly  measured  by  the  raising  of  a  weight,  the  rela- 
tive height  to  which  it  can  be  raised  in  a  given  time  being  the 
actual  extent;  or,  in  other  words,  if  the  weight  raised  be 
multiplied  by  the  height  to  which  it  can  be  raised  in  a  given 
time,  the  product  is  the  measure  of  the  power  raising  it ;  and^ 
consequently,  all  those  powers  are  equal,  whose  products, 
made  by  such  multiplication,  are  the  same:  for  if  a  power 
can  raise  twice  the  weight  to  the  same  height,  or  the  same 
weight  to  twice  the  height,  in  the  same  time  that  another 
power  can,  the  first  power  is  double  the  second ;  but  if  the 
power  can  only  raise  half  the  weight  to  double  the  height,  or 
double  the  weight  to  half  the  height,  in  the  same  time  that 
another  can,  those  two  powers  are  equal.  This,  however^ 
must  be  understood  to  be  only  in  cases  of  slow  and  equable 
motion,  where  there  is  no  acceleration  or  retardation. 

In  comparing  the  effects  produced  by  water-wheels  with  the 
powers  producing  them,  or,  in  other  words,  to  know  what 
part  of  die  original  power  is  necessarily  lost  in  the  applica- 
tion, we  must  previously  know  how  much  of  the  power  is 
spent  in  overcoming  the  friction  of  the  machinery  and  the 
resistance  of  the  air;  also,  what  is  the  real  velocity  of  the 
water  at  the  instant  that  it  strikes  the  wheel,  and  the  real 
quantity  of  water  expended  in  a  given  time. 

From  the  velocity  of  the  water  at  the  instant  that  it  strikes 
the  wheel,  the  height  of  head  productive  of  such  velocity  can 
be  deduced,  from  acknowledged  and  experimented  principles 
of  hydrostatics  :  so  that  by  multiplying  the  quantity  or  weight 
of  water  really  expended  in  a  given  time,  by  the  height  of  a 
head  so  obtained,  which  must  be  considered  as  the  height 
from  which  that  weight  of  water  had  descended  in  such  given 
time,  we  shall  have  a  product  equal  to  the  original  power  of 
the  water,  and  clear  of  all  uncertainty  that  would  arise  from 
the  friction  of  the  water,  in  passing  small  apertures,  and  from 
all  doubts  arising  from  the  different  measure  of  spouting  wa- 
ters, assigned  by  different  writers. 

On  the  other  hand,  if  the  sum  of  the  weights  raised  by  the 
action  of  this  water,  and  of  the  weight  required  to  overcome 
the  friction  and  resistance  of  the  machine,  be  multiplied  by  the 
height  to  which  the  weight  can  be  raised  in  the  time  given, 
the  product  will  be  equal  to  the  effect  of  that  power ;  and 
the  proportion  of  the  two  products  will  be  in  proportion  of 
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die  power  to  the  effect :  so  that  by  loadidg  the  wheel  with 
different  weights  successively,  we  shall  be  able  to  determine 
«t  what  particular  load,  and  velocity  of  the  wheel,  the  effect 
is  a  maximum. 

The  experiments  made  by  Mr  Smeaton  may  thus  be 
reduced.  The  circumference  of  the  wheel,  75  inches,  mul* 
tiplied  by  86  turns,  gives  6450  inches  for  the  velocity  of  the 
water  in  a  minute ;  ^  of  which  will  be  the  veloMy  in  a 
aecond,  equal  to  107^  inches,  or  8.96  feet,  which  is  due  to  a 
head  of  15  inches;  and  this  we  call  the  virtual  or  effective 
head.  The  area  of  the  head  being  105.8  inches,  this  mul* 
tiplied  by  the  weight  of  water  of  the  cubic  inch,  equal  to 
die  decimal  579  of  the  ounce  avoirdupois,  gives  61.26  ounces 
lor  the  weight  of  as  much  water  as  is  contained  in  the  head, 
upon  one  inch  in  depth,  -jV  ^  which  is  3.83  pounds ;  this 
mnltipUed  by  the  depm  SI  inches,  gives  80.43  pounds  for  the 
value  of  IS  strokes;  and  by  proportion,  39|  'y^the  number  made 
ia  a  minute,)  will  give  S64i7  pounds,  the  weight  of  water  ex* 
pended  in  a  minute. 

Now  as  S64.7  pounds  of  water  may  be  considered  as  having 
descended  through  a  space  of  15  inches  in  a  minute,  the 
product  of  these  two  numbers  3970  will  express  the  power 
of  the  water  to  produce  mechanical  effects ;  which  were  as 
follows : 

The  velocity  of  the  wheel  at  the  maximum^  as  appears  above, 
was  30  turns  a  minute ;  which  multiplied  by  nine  inches,  the 
circumference  of  the  cylinder,  makes  270  inches ;  but  as  the 
scale  was  hung  by  a  pulley  and  double  line,  the  weight  was 
only  raised  half  of  this,  viz.  135  inches. 

The  weight  in  the  scale  at  the  maximum  . 
The  weight  of  the  scale  and  pulley  .  .  . 
The  counterweight,  scale,  and  pulley  ... 

Sum  of  the  resistance   •  . 

Or  pounds  .  •    9.375 

Now  as  9.375  pounds  is  raised  135  inches,  these  two  num- 
bers being  multiplied  together,  the  product  is  1266,  which  ex- 
presses the  effect  produced  at  a  maximum  ;  so  that  the  pro- 
portion of  the  pQxver  to  the  effect  is  as  3970  i  1266,  or  as 
10  :  3.18. 

But  though  this  is  the  greatest  single  effect  producible 
from  the  power  mendoned,  by  the  impulse  of  the  water  upon 
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sn  uodershot-wheel ;  yet,  as  the  whole  power  of  the  wmter  is 
Bot  exhausted  by  it,  this  will  not  be  the  true  ratio  between 
the  power  of  the  water,  and  the  sum  of  all  the  effeetB  produ* 
cible  therefrom ;  for,  as  the  water  must  necessarily  leave  the 
wheetwith  a  velocity  equal  to  the  wheels  circumference,  it  is 
plain  some  part  of  the  power  of  the  water  must  remain  after 
quitting  the  wheel. 

Thewelocity  of  the  wheel  at  the  maximum  is  30  turns  a 
minute;  and  consequently  its  circumference  moves  at  the 
rate  of  3.123  feet  a  second,  which  answers  to  a  head  of  1.8S 
inches;  this  being  multiplied  by  the  expense  of  water  in  a 
minute,  viz.  264*7  pounds  produces  481  for  the  power 
remaining  in  the  water  after  it  has  passed  the  wheel:  diis 
being  therefore  deducted  from  the  originid  power  3.970^ 
leaves  3.489,  which  is  that  part  of  the  power  spent  in  pro* 
ducing  the  effect  1266;  and  consequently,  the  part  of^die 
power  spent  in  producing  the  effect,  is  to  the.  gmtest 
effect  that  it  produces  as  3489  :  1266  : :  10 : 3.62,  or  as 
11  to  4. 

The  velocity  of  the  water  striUng  the  wheel  has  been  deter- 
mined to  be  equal  to  86  circumferences  of  the  wheel  per 
minute,  and  the  velocity  of  the  xvheel  at  the  maximum  to  be  30; 
the  velocity  of  the  water  will  therefore  be  to  that  of  the  wheel 
as  86  to  30,  or  as  10  to  3.5,  or  as  20  to  7. 

The  load  at  the  maximum  has  been  shown  to  be  pqual  to  nine 
pounds  six  ounces,  and  the  wheel  ceased  moving  with  12 
pounds  in  the  scale  :  to  which  if  the  weight  of  the  scale  be 
added,  viz.  10  ounces,  the  proportion  will  be  nearly  as  3  to  4 
between  the  load  at  the  maximum  and  that  by  which  the  wheel 
is  stopped. 

It  is  somewhat  remarkable,  that  though  the  velocity  of  the 
wheel  in  relation  to  the  water  turns  out  greater  than  \  of  the 
velocity  of  the  water,  yet  the  impulse  of  the  water  in  the  case 
of  a  maximum  is  more  than  double  of  what  is  assigned  by 
theory;  that  is,  instead  of  j  of  the  column,  it  is  nearly  equsd 
to  the  whole  column. 

It  must  be  remembered,  therefore,  that,  in  the  present 
case,  the  wheel  was  not  placed  in  an  open  river,  where  the 
natural  current,  after  it  has  communicated  its  impulse  to  the 
float,  has  room  on  all  sides  to  escape,  as  the  theory  supposes ; 
but  in  a  conduit  or  race,  to  which  the  float  is  adapted^ 
the  water  cannot  otherwise  escape  than  by  moving  along 
with  the  wheel.  It  is  observable,  that  a  wheel  working  in 
this  manner^  so  soon  as  the  water  meets  the  float,  receives  a 
-sudden  check,  and  rises  up  against  the  float,  like  a  wave  against 
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a  fixed  object;  insomuch,  that  when  a  sheet  of  water  is  not  a 
qoarter  ot  an  inch  thick  before  it  meets  the  float,  yet  this  sheet 
will  act  upon  the  whole  sur&ce  of  a  float  whose  height  is  three 
indies ;  and,  consequently,  were  the  float  no  higher  than  the 
thickness  of  the  sheet  of  water,  as  the  theory  also  supposiis, 
m  great  part  of  the  force  would  have  been  lost  by  the  water 
dashing  over  the  float. 

Mr.  Smeaton  next  proceeds  to  give  tables  of  the  velocities 
of  wheels  with  different  heights  of  water;  and  from  the  whole 
deduces  the  following^  conclusions. 

Mtxim  1.  That  the  virtual  or  effective  head  of  water,  and 
consequently  its  effluent  velocity  being  the  same,  the  mecha- 
nical effect  produced  by  a  wheel  actuated  by  this  water  will 
be  nearly  in  proportion  to  the  quantity  of  water  expended. 

Note^ — ^The  virtual  or  efiective  head  of  any  water  which  is 
moving  with  a  certain  velocity,  is  that  height  from  which  a 
heavy  bod^  must  fall,  in  order  to  acquire  the  same  velocity. 

The  height  of  the  virtual  head,  therefore,  may  be  easily 
determined  from  the  velocity  of  the  water ;  for  the  heights 
are  as  the  square  of  the  velocities,  and  the  velocities,  conse* 
qoently,.  as  the  sc^uare  roots  of  the  heights.  Mr.  Smeatou 
obaerved  the  velocity  of  the  effluent  water  in  all  his  experi- 
ments, and  thence  csdculated  the  virtual  head :  he  states,  that 
the  virtual  head  bears  no  proportion  to  the  real  head  or  depth 
of  water ;  bult  that  when  either  the  aperture  is  greater,  or 
when  the  velocity  of  the  water  issuing  therefrom  less,  they 
approach  nearer  to  a  coincidence ;  and  consequently,  in  the 
large  openings  of  mills  or  sluices,  where  great  quantities  of 
water  are  discharged  from  moderate  heads,  the  actual  head 
of  water,  and  the  virtual  head,  as  determined  by  theory  from 
the  velocity,  will  nearly  agree. 

For  example  of  the  application  of  his  first  maxim.  Suppose 
a  mill  driven  by  a  fall  of  water  whose  virtual  head  is  five  feet, 
and  which  discharged  550  cubic  feet  of  water  per  minute,  and 
that  it  is  capable  of  grinding  four  bushels  of  wheat  in  an  hour. 
Now  another  mill,  having  the  same  virtual  head,  but  which 
discharges  1100  cubic  feet  of  water  per  minute,  will  grind 
eight  bushels  of  corn  in  an  hour. 

Maxim  2.  That  the  expense  of  water  being  the  same,  the 
effect  produced  by  an  undershot-wheel  will  be  nearly  in  pro- 
portion to  the  height  of  the  virtual  or  effective  head.  This  is 
proved  in  the  preceding  example. 

Maxim  3.  That  the  quantity  of  water  expended  being  the 
same,  the  effect  will  be  nearly  as  the  square  of  the  velocity  of 
the  water ;  that  is,  if  a  mill  driven  by  a  certain  quantity  of 
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wmter,  moving  with  the  velocity  of  18  feet  per  second,  it  cs* 
pable  of  grinding  four  bushels  of  corti  in  an  how,  snother 
VBkiHf  driven  by  &e  9ame  quandty  of  water,  but  moving  Irith 
die  velocity  of  2Si  feet  per  second,  will  grind  nearly  seven 
bwhels  of  com  in  an  hour ;  because  the  square  of  18  is  394^ 
and  the  square  of  Mi  is  506i«  Now,  say,  as  884  is  to  4 
bushels,  so  is  506i  to  6  j-  bushels ;  diat  is  as  4  to  6^. 

Maxim  4.  The  aperture  through  which  the  water  issoes  ho* 
ing  the  same,  the  effect  will  be  nearly  as  the  cube  of  die  velo*> 
city  of  the  water  issuing ;  diat  is,  if  a  mill  driven  bv  waMr 
rushing  through  a  certain  aperture  with  the  velocity  of  16  feet 
per  second  will  grind  four  bushels  of  com  in  an  hour,  another 
mill,  driven  by  water  moving  through  the  same  aperture^  but 
with  the  velodty  of  2Si  feet  per  second,  will  grind  51  boshels; 
for  the  cube  of  18  is  5838,  and  the  cube  of%%k  is  113MI; 
then  as  5838  is  to  4,  so  is  113901  to  fi* 

Maxim  5.  The  proportions  between  the  pqwer  of  iht  Wtt* 
ter  expended,  and  die  effect  produced  by  tne  wheels  wtre  3 
to  1*  Upon  comparing  several  experiments,  Mr.  SMMtoa 
fixed  the  proportions  iMtween  diem  for  large  works ;  Ant  iti 
if  the  weight  of  the  water  which  is  expended  in  any  giVM 
time  be  multiplied  b^  the  height  of  the  nil,  and  if  the  iim|(bt 
raised  be  also  multiplied  by  die  height  throogh  wliich  it  itf 
nused,  the  first  of  these  two  products  will  be  ttme  timts  thitt 
of  the  second.  ^ 

Maxim  6.  The  best  general  proportions  of  velocities  be* 
twecn  the  water  and  the  floats  of  the  wheels  will  be  that  of  5 
to  8 ;  for  instance,  if  the  water  when  it  strikes  the  wheel 
moves  with  a  velocity  of  18  feet  per  second,  the  wheel  muft 
be  so  loaded  that  its  float-boards  will  move  with  a  velocity 
of  7.2  feet  per  second,  and  the  wheel  will  then  derive  die 
greatest  power  from  the  water,  because  as  5  to  18,  so  is  8  to 
7.8. 

Maxim  7.  There  is  no  certain  ratio  between  the  load  that 
the  wheel  will  carry  when  producing  its  maximum  of  effect, 
and  the  load  that  will  toudly  stop  it ;  but  it  approaches 
nearest  to  the  ratio  of  4  to  3,  whenever  the  power  ex* 
erted  by  the  wheel  is  greatest,  whether  it  arise  from  an 
increase  of  the  velocity,  or  from  an  increased  quantity  of 
f  water;  and  this  proportion  seems  to  be  the  most  applicable 

to  large  works.  But  when  we  know  the  effect  which  a  wheel 
ought  to  produce,  and  the  velocity  it  ought  to  move  with 
'  whilst  producing  that  effect,  the  exact  knowledge  of  the 
greatest  load  it  will  bear  is  of  very  little  consequence  in 
practice. 
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8.  The  load  that  the  wheel  ought  to  have,  in  order 
to  work  to  the  must  advantage,  can  be  always  assigned  thus: 
ascertain  the  power  of  the  .whole  body  of  water,  by  multiply- 
ing the  weight  of  the  water  expended  in  a  minute  by  the 
height  of  the  fall ;  take  one-third  of  the  product,  and  it  gives 
the  effect  of  power  which  the  wheel  ought  to  produce :  to  find 
the  load,  we  roust  divide  this  product  by  the  velocity  which 
the  wheel  should  have,  and  that,  as  we  have,  before  setded, 
should  be  two-fifths  of  the  velocity  with  which  the  water 
moves  when  it  strikes  the  wheel. 

In  the  application  of  these  principles  the  first  thing  to  be 
done  in  a  situation  where  an  undershot-wheel  is  intended  to 
be  fixed,  is  to  consider  whether  the  water  can  run  off  clear 
from  the  wheel,  *  so  as  to  have  no  back-water  to  impede  its 
motion ;  and  whether  the  fall  which  can  be  obtained  by  con- 
structing a  proper  dam  to  pen  up  the  water,  and  sluice  for  it 
to  pass  through,  will  cause  it  to  strike  the  float-boards  of  the 
wheel  with  sufficient  velocity  to  impel  them  forcibly  forwards ; 
and  also,  whether  the  quantity  of  the  supply  will  be  sufficient 
to  keep  a  wheel  at  work  for  a  certain  number  of  hours  each 
day. 

When  we  have  ascertained  the  height  of  the  fall  of  water, 
that  is  the  height  of  the  surface  above  the  centre  of  the  open- 
ing of  the  sluice,  we  must  find  what  will  be  the  continual  velo- 
city of  the  water  issuing  from  such  opening. 

In  some  cases,  we  have  the  velocity  of  the  water  given 
when  it  issues  from  the  opening  of  the  sluice,  and  we 
then  require  to  know  what  height  of  column  will  pro- 
duce that  velocity.  These  two  things  we  may  find  by  a 
single  rule,  and  an  easy  arithmetical  operation,  which  is  as 
follows : 

1st.  The  perpendicular  height  of  the  fall  of  water  being 
given  in  feet  and  decimals  of  feet,  the  velocity  that  the  water 
will  acquire  per  second,  expressed  in  feet  and  decimals,  may 
be  found  by  the  following  rule  : 

Multiply  the  constant  number  64.2882  by  the  given 
height,  and  the  square  root  of  the  product  is  the  velocity  re- 
quired. 

Example  1.  If  the  height  is  two  feet,  the  velocity  will  be 
found  11.34  feet  per  second. 

Example  2.  If  the  height  is  16.0913  feet,  the  velocity  will 
be  32.1826  feet  per  second. 

Example  3.  If  the  height  is  50  feet,  the  velocity  will  be 
56.68  feet  per  second. 

A^0/r,«— The  velocities  thus  obtained  will  be  only  the  theo- 
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retJc  velocity;  that  i%,  the  Telocity  any  body  vould  acquire  by 
failin;j^  through  such  height  in  vaaa;  the  velocity  in  rcalit\' 
wiil  f>e  Iths,  generally  six  or  seven-tenths. 

Tlie  uniform  velocity  of  a  fluid  being  given,  expressed  in 
feet  and  decimals  of  feet  per  second,  the  height  of  the  column 
or  fall  to  produce  such  a  velocity  may  be  found  by  the  follow* 
ing  rule : 

Multiply  the  given  velocity  into  itself,  and  divide  the  pro- 
duct hy  64.2882 ;  the  quotient  will  be  the  height  required,  ex- 
pressed in  feet  and  decimals. 

Example  1.  If  the  velocity  given  is  three  feet  per  second, 
the  height  will  be  0.139  of  a  foot. 

Example  2.  If  the  velocity  given  is  32.1826  feet  per  second, 
the  height  will  be  found  16.0913  feet. 

Example  3.  Let  the  velocity  be  100  feet  per  second,  the 
height  will  be  155.694  feet. 

The  knowledge  of  the  foregoing  particulars  is  absolutely 
necessary  for  constructing  an  undershot  water-wheel ;  but  the 
most  advantageous  method  of  setting  it  to  work,  and  to  find 
out  the  utmost  it  could  perform,  would  be  very  difficult,  if 
wc  were  not  furnished  with  the  maximum  which  Mr.  Smeaton 
settled,  by  showing,  that  an  undershot  water-wheel  will  act 
to  the  greatest  advantage  when  the  velocity  of  its  float-boards 
iH  c(|ual  to  two-fifths  of  four-tenth  parts  of  that  of  the  water 
which  gives  it  motion. 

Lambert's  water-wheel. 

In-  nuo,  Mr.  Lambert,  of  Princc's-street,  Leicester-square, 
obtained  a  patent  for  an  improvement  in  the  water-wheel, 
which  he  thus  describes  : 

•'  My  improved  water-wheel,  as  shown  in  figs.  85,  86,  and 
H7,  re|)resents  the  paddles  standing  in  a  vertical  position  to 
the  surface  of  the  water  through  which  they  are  to  pass,  and 
in  whatever  situation  or  direction  the  wheel  either  rests  or 
moves,    the    paddles    preserve   the    same   vertical   position. 
The  great  advantage  derived  from  the  paddles  of  a  water- 
wheel  entering  and  quitting  the  water  through  which  such 
wheel  revolves  in  a  perpendicular  direction,  has  long  been 
admitted  to  be  a  most  important  and  desirable  measure  in 
that  class  of  water-wheels  known  and  called  by  engineers 
undershot-wheels,  either  for  water-mills  or  for  navigable  pur- 
poses.   The  benefit  of  working  the  paddles  of  such  wheels  in 
u  vertical  position  is  not  only  the  superior  hold  and  pressure 
which  the  water  takes  on  the  paddles  or  floats  of  such  wheels, 
but  tlic  very  little  back-water  which  they  create  on  leaving 
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it*  The  principle  of  this  improvement  is  to  make  the  lower 
paddles  recede  from  the  centre  of  the  axle  and  to  the  arms  to 
which  they  are  attached,  while  the  upper  paddles  proceed  to 
the  centre  of  the  axle  in  equal  distances  as  the  others  recede; 
and  in  the  rotation  of  the  wheel,  every  paddle  passes  through 
the  various  evolutions  and  positions  to  which  every  revolution 
of  the  wheel  subjects  each  paddle.  The  lower  paddles,  de- 
scribe a  greater  radius  of  a  circle  than  the  upper  paddles,  and 
thereby  travel  at  an  increased  velocity,  or  rather  they  pass  at 
their  extreme  points  through  a  greater  space  in  the  same  pe- 
riod of  time;  this  effect  renders  the  lower  half  of  the  wheel 
heavier  than  the  upper,  by  the  eccentric  position  of  the  pad- 
dles, and  the  flat  ring  of  iron  to  which  they  are  attached,  and 
it  also  increases  the  speed  of  any  navigable  body  through  the 
water  to  which  such  wheels  are  applied. 

Figs.  85, 86,  and  87,  are  views  of  my  improved  wheel  with 
one  paddle,  as  in  fig.  85,  at  its  greatest  depth  in  the  water; 
B,  B,  B,  B,  is  one  of  the  iron  arm  frames  to  which  one  end  of 
the  paddles,  C,  C,  C,  C,  C,  C,  are  attached  by  the  joint-pins  D, 
D,  D,  D,  D,  D,  to  the  arm  frames  B,  B,  B,  B.  £  E  is  the  flat 
iron  ring  or  eccentric  circle,  to  which  the  other  ends  of 
the  paddles  are  attached  by  similar  joint-pins  F,F,F,F,F,F. 
G  G,  are  the  iron  guard  or  guide-rollers,  a  section  of  one  of 
which  is  shown  at  flg.  88,  which  may  either  revolve  on  fixed 
axles,  or  these  rollers  may  be  fixed  on  revolving  axles,  which- 
ever is  most  convenient.  The  object  of  these  rollers  is,  to 
keep  the  iron  circle  £  £  in  its  proper  situation,  which  is  an 
equal  distant  position  from  the  centre  of  the  wheel-shaft  in  a 
longitudinal  direction,  and  eccentric  in  a  vertical  position  to  the 
shaft  A.  These  rollers  must  be  placed  apart  from  each  other, 
a  distance  exactly  equal  to  the  diameter  of  the  iron  circle 
£  £,  consequently  the  rollers  G  G  must  be  placed  in  a  line 
through  the  centre  of  the  circle  E  £  and  which  will  allow 
this  circle  to  rub  and  give  motion  to  the  rollers  G  G,  at  the 
speed  it  revolves.  The  circle  E  E,  forms  an  eccentric  course, 
while  it  rubs  on  every  part  of  its  periphery  against  the  rollers 
G  G.  This  circle  £  E  may  be  formed  with  teeth  like  the  rim 
of  a  cog-wheel,  and  in  that  case  the  rollers  G  G  may  either 
one  or  both  of  them  be  formed  into  spur  pinions  to  fit  the 
teeth  of  the  circle  EE,  which  would  be  a  quick  and  simple 
mode  for  my  improved  water-wheel  to  work  machinery.  I 
sometimes  use  two  flat,  hardened  steel  springs,  as  shown  in 
fig.  89,  instead  of  the  rollers  G  G,  to  keep  the  circle  £  £  in 
its  proper  place ;  and  in  certain  situations  they  will  be  found 
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to  answer  very  well.  Great  care  must  be  taken  to  make  the 
joint  pin-holes  in  the  iron  frames  B,B,  B,B,  exactly  an  equal 
distance  apart  from  each  other;  and  it  must  also  be  observed 
in  piercing  or  drilling  the  joint  pin-holes  in  the  circle  E  £, 
that  they  correspond  with  the  holes  made  in  the  arm  frames 
B,  B,  B,  B*  It  will  be  always  advisable  to  drill  both  the 
arm  frames,  B,  B,  B,  B^and  the  circle  £  £,  together,  that  the 
joint  pin-holes  in  all  three  may  correspond  exactly  with  each 
other,  and  particularly  from  the  centre  of  each.  The  joint 
pin-holes,  in  the  paddle-plates  or  floats,  should  also  be  made 
to  correspond  with  each  other  ;  and  it  is  the  distance  of  the 
holes  from  D  to  F  in  the  paddles  C  C,  as  shown  at  fig.  90, 
which  determine  the  eccentricity  of  the  course  of  the  iroa 
ring  £  £  ;  and  it  is  by  connecting  these  paddles  at  D  to  the 
arm  frames  B,  B,  B,B,  and  at  F  to  the  ring  £E,  which  in 
the  rotation  of  the  whole  by  the  axle  A,  and  by  keeping  the 
circle  £  E  in  its  proper  situation  as  before  described,  either 
by  the  rollers  G  G,  or  when  the  springs  H  H  are  substituted 
for  the  rollers,  that  the  paddles  always  preserve  a  vertical 
position  to  the  surface  of  the  water,  and  which  cause  the 
upper  paddles  to  approach,  whilst  the  lower  paddles  recede 
from  the  centre  of  the  axle  A.  Fig.  86  represents  a  laew  of 
the  wheel  combined  with  all  the  paddles  connected  to  both 
frames  of  the  wheel,  with  the  iron  ring  or  circle  £  £  placed 
in  the  middle  of  the  frames  and  between  the  sides  of  the 
paddles,  with  the  joint-pins  in  their  proper  places,  with  the 
two  lower  paddles  at  their  most  extended  distance  from  the 
centre  of  axle  A,  whilst  the  two  upper  paddles  are  brought 
to  their  nearest  situation  to  that  axle;  the  joint-pins  must 
either  have  nuts  and  screws,  or  other  proper  fastenings,  to 
keep  them  in  their  several  places,  or  split  keys,  the  latter  of 
which  I  decidedly  prefer.  The  axle  A  must  be  properly 
placed  and  secured  in  the  iron  frames  B,  B,  B,  B,  in  any  of 
the  ordinary  modes  which  an  experienced  and  skilful  workman 
will  adopt.  The  number  of  sets  of  paddles  or  floats  for  any 
one  wheel  must  be  determined  according  to  the  magnitude 
and  duty  of  such  wheel ;  it  is  the  general  construction  and 
combination  as  described,  which  constitute  my  improved 
wheel,  and  not  the  number  of  the  paddles  or  floats,  or  their 
magnitude.  I  should  however,  never  recommend  less  than 
six  sets  of  paddles  or  floats  to  be  combined  in  any  wheel 
made  on  the  plan  of  my  improved  wheel,  although  I  am  aware 
It  would  act  with  a  less  number,  but  not  so  advantageously. 
The  same  letters  in  figs.  85,  86,  and  87,  represent  the  same 
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parts  iii  either  of  these  figures,  and  as  far  as  any  of  the  similar 
parts  are  shown  io  figs;  88j'89,  and  90,  the  letters  and  cha- 
racters also  distinguish  them* 

THE  OVERSHOT-WHEEL. 

Tbis  wheel  consists  of  a  frame  of  open  buckets,  placed 
round  the  rim  of  a  vertical  wheel,  to  receive  the  water  from 
a  spout  placed  over  it,  so  that  the  buckets  on  the  one  side 
shall  be  alwavs  loaded,  while  those  on  the  opposite  side  are 
empty.  The  foaded  side  will  of  course  descend,  and  the  wheel 
in  its  revolution  will  bring  the  empty  buckets  under  the  spout, 
to  be  in  their  turn  filled  with  water. 

The  principal  thing  to  be  attended  to  in  the  construction  of 
this  wheel  is  to  have  the  buckets  of  such  a  form  as  will  retain 
the  water  along  the  greatest  circumference  of  the  wheel;  and 
as  this  is  a  thing  not  easily  to  be  accomplished,  nuijaerous  con* 
trivances  have  been  resorted  to  by  mill-wrights  to  determine 
the  best  possible  form. 

Fig.  91  is  the  outline  of  a  wheel  having  40  buckets.  The 
ring  of  board  contained  between  the  concentric  circles  Q  D  S 
and  PAR,  making  the  ends  of  the  buckets,  is  called  the 
shrouding,  and  QP  the  depth  of  shrouding.  The  inner  circle 
P  A  R  is  called  the  sole  of  the  wheel,  and  usually  consists  of 
boards  nailed  to  strong  wooden  rings  of  compass  timber  of 
considerable  scantling,  firmly  united  with  the  arms  or  radii. 
The  partitions,  which  determine  the  form  of  the  buckets, 
consist  of  three  different  planes  or  boards,  A  B,  B  C,  C  D, 
which*  are  variously  named  by  diiferent  artists.  We  have 
heard  them  called  the  start  or  shoulder,  the  arm,  and  the 
wrest :  (probably  for  wrist,  on  account  of  a  resemblance  of 
the  whole  line  to  the  human  arm:)  B  is  also  called  the 
elbow. 

Fig.  92  represents  a  small  portion  of  the  same  bucketing  on 
a  larger  scale,  that  the  proportion  of  the  parts  may  be  more 
distinctly  seen.  A  G  the  sole  of  one  bucket  is  made  about  | 
more  than  the  depth  G  H  of  the  shrouding.  Tb^  start  A  B 
is  4  of  A  I.  The  plane  B  C  is  so  inclined  to  A  B  that  it  would 
pass  through  H ;  but  it  is  made  to  terminate  in  C,  in  such  a 
manner  that  F  C  is  |ths  of  G  H  or  A  I.  Then  C  D  is  so 
placed  that  H  D  is  about  |th  of  I H. 

By  this  construction  it  follows  that  the  area  F  A  B  C  is 
very  nearly  equal  to  D  A  B  C ;  so  that  the  water  which  will 
fill  the  space  F  A  B  C  will  all  be  contained  in  the  bucket 
when  it  shall  come- into  such  a  position  that  AD  is  a  hori- 
zontal line  i  and  the  line  A  B  will  then  make  an  angle  of 
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35°  with  the  verticaU  or  the  bucket  will  be  35^  from  the 
perpendicular,  passing  through  the  axis  of  motion.  If  the 
bucket  descend  so  much  lower  that  one-half  of  the  water  runs 
out,  the  line  A  B  will  make  an  angle  of  25°  or  24°  nearly 
with  the  vertical.  Therefore  the  wheel,  filled  to  the  degree 
now  mentioned,  will  beffin  to  lose  water  at  about  |th  of  the 
diameter  from  the  bottom,  and  half  of  the  water  will  be 
discharged  from  the  lowest  bucket,  about  --^ih  of  the  diame- 
ter further  down.  Had  a  greater  proportion  of  the  buckets 
been  filled  with  water  when  they  were  under  the  spout,  the 
discharge  would  have  begun  at  a  greater  height  from  the 
bottom,  and  we  should  lose  a  greater  portion  of  the  whole 
fall  of  water.  The  loss  by  the  present  construction  is  less 
than  -fV^^t  (supposing  the  water  to  be  delivered  into  the  wheel 
at  the  very  top,;  and  may  be  estimated  at  about  -x^x\\\  for  the 
loss  is  the  versed  sine  of  the  angle  which  the  radius  of  the 
bucket  make  with  the  vertical.  The  versed  sine  of  35°  is 
nearly  ^th  of  the  radius,  being  0.18085,  or  -^^iXi  of  the  diame- 
ter. It  is  evident,  that  if  only  ^  of  this  water  were  supplied 
to  each  bucket  as  it  passes  the  spout,  it  would  have  been 
retained  for  10°  more  of  a  revolution,  and  the  loss  of  fall 
would  have  only  been  about  -fV^I^* 

These  observations  serve  to  show  in  general,  that  an  advan- 
tage is  gained  by  having  the  buckets  so  capacious  that  the 
quantity  of  water  which  each  can  receive  as  it  passes  the 
spout  may  not  nearly  fill  it.  This  may  be  accomplished  by 
making  them  of  a  sufficient  length,  that  is,  by  making  the 
wheel  sufficiently  broad  between  the  two  shroudings. 

Mr.  Robert  Burns,  of  Cartside,  in  Renfrewshire,  has  made 
what  appeared  to  be  a  very  considerable  improvement  in  the 
construction  of  the  bucket.  The  principle  of  this  improve- 
ment consisted  in  dividing  the  bucket  by  a  partition  of  such 
a  height,  that  the  inner  and  outer  portions  of  the  bucket  on 
each  side  were  nearly  of  equal  capacity.  See  fig.  93.  The 
bucket  consisted  of  a  start  A  B,  an  arm  B  C,  and  a  wrest  C  D, 
concentric  with  the  rim,  and  was  divided  by  the  partition  LM, 
concentric  with  the  sole  and  rim.  If  these  buckets  be  filled 
one-third,  they  will  retain  the  whole  of  the  water  at  18°,  and 
the  half  at  11°,  from  the  bottom.  These  advantages  how- 
ever were  found  to  be  counterbalanced  by  disadvantages  ;  and 
Mr.  Burns  did  never,  we  believe,  put  the  construction  in 
practice. 

The  velocity  of  an  overshot-wheel  is  a  matter  of  very  great 
nicety;  and  authors,  both  speculative  and  practical,  have 
arrived  at  very  different  conclusions  respecting  it.     M.  Be- 


AND  MACHINIST.  77 

lidor  very  strangely  maintains,  that  there  is  a  Certain  velocity 
related  to  that  obtainable  by  the  whole  fall,  which  will  pro- 
cure to  an  overshot-wheel  the  greatest  performance.  Desa- 
guliers,  Smeaton,  Lambert,  De  Parcieux,  and  others,  main- 
tain, that  there  is  no  such  relation,  and  that  the  performance 
of  an  overshot-wheel  will  be  the  greater,  as  it  moves  more 
slowly  by  an  increase  of  its  load  of  work.  Belidor  again 
states,  that  the  active  power  of  water  lying  in  a  bucket-wheel 
of  any  diameter  is  equal  to  the  impulse  of  the  same  water 
on  the  floats  of  an  undershot-wheel,  when  the  water  issues 
from  a  sluice  in  the  bottom  of  the  dam.  The  other  writers 
whom  we  have  named  assert,  that  the  energy  of  an  under- 
shot-wheel is  hut  one-half  of  that  of  an  overshot,  actuated  by 
the  same  quantity  of  water  falling  from  the  same  height. 
The  most  generally  received  opinion  is,  that  the  overshot- 
wheel  does  the  more  work,  as  it  moves  slower ;  and  the  fol- 
lowing is  the  reasoning  adduced  to  prove  it.  Suppose  that  a 
wheel  has  30  buckets,  and  that  six  cubic  feet  of  water  are 
delivered  in  a  second  on  the  top  of  the  wheel,  and  discharged, 
without  any  loss  by  the  way,  at  a  certain  height  from  the 
bottom  of  the  wheel.  Let  this  be  the  case,  whatever  is  the 
rate  of  the  wheePs  motion,  the  buckets  being  of  a  sufficient 
capacity  to  hold  all  the  water  which  falls  into  them.  Sup- 
pose this  wheel  employed  to  raise  a  weight  of  any  kind, 
water  for  instance,  in  a  chain  of  30  buckets,  to  the  same 
altitude  and  with  the  same  velocity.  Suppose,  further,  that 
when  the  load  on  the  rising  side  of  the  machine  is  one-half 
of  that  on  the  wheel,  the  wheel  makes  four  revolutions  in  a 
minute,  or  one  turn  in  15  seconds.  During  this  time  90  cubic 
feet  of  water  will  have  flowed  into  the  30  buckets,  and  each 
have  received  three  cubic  feet.  In  that  case  each  of  the  rising 
buckets  contains  lA  feet;  and  45  cubic  feet  are  delivered  into 
the  upper  cistern  during  one  turn  of  the  wheel,  and  180  cubic 
feet  in  one  minute. 

Now,  suppose  the  machine  so  loaded,  by  making  the  rising 
buckets  more  capacious,  that  it  makes  only  two  turns  in  a 
minute,  or  one  turn  in  30  seconds ;  then  each  descending 
bucket  must  contain  six  cubic  feet  of  water.  If  each  bucket 
on  the  rising  side  contained  three  cubic  feet,  the  motion  of 
the  machine  would  be  the  same  as  before.  This  is  a  point 
none  will  controvert.  When  two  pounds  are  suspended  to 
one  end  of  a  string  which  passes  over  a  pulley,  and  one  pound 
to  the  other  end,  the  velocity  of  descent  of  the  two  pounds 
will  be  the  same  with  that  of  a  four  pound  weight,  which  is 
employed  in  the  same  manner  to  draw  up  two  pounds.    Our 
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machine  would  thereCore  continue  to  make  four  turns  in  a 
mtnute^  and  would  deliver  90  cubic  feet  during  each  turn, 
and  360  in  a  nunute.  But,  by  supposition,  it  is  making  only 
two  turns  in  a  minute ;  whicn  mutt  proceed  from  a  greater 
load  than  three  cubic  feet  of  rising  water  in  each  rising 
bucket.  The  machine  must,  therefore,  be  raising  m^re  than 
90  feet  of  water  during  one  turn  of  the  wheel,  and  m6re  than 
180  in  a  minute. 

Thus  it  appears  that  if  the  machine  is  turning  twice  as  slow 
as  before,  there  is  more  than  twice  the  former  quantity  in  the 
rising  buckets ;  and  more  irill  be  raised  in  a  minute  by  the 
same  expenditure  of  power.  In  like  manner,  if  the  machine 
go  three  times  as  slow,  there  must  be  more  thaan  three  timet 
die  former  quantity  in  the  rising  buckets,  and  more  work  mil 
be  done. 

But  further  we  may  assert,  tiiat  the  more  we  retard  the  ma- 
chine to  a  certain  practical  extent,  by  loading  it  with  more 
work  of 'a  similar  kmd,  the  greater  will  be  its  performance ; 
«nd  the  truth  of  the  assertion  may  be  tixus  demonstrated. 
Let  us  call  the  fir^t  quantity  of  water  in  the  rising  bucke^ 
Q;  the  water  raised  hf  four  turns  in  a  minute  will  be  4  x  90 
X  Q  ■■  130  Q.  Tltre  quantity  in  this  bucket,  when  the  mar 
chine  goes  twice  aii  slow,  has  been  shown  to  be  greater  than 
SI Q;  call  it  2'Q  +  xi  tiie  water  raised  by  two  turns  in  a 
minute  will  then  be  2  x  30  x  (2  Q  +  x)  a  120  +  60  of. 
Suppose  next,  the  machine  to  go  four  times  as  slow,  making 
but  one  turn  in  a  minute ;  tiie  rising  bucket  must  now  con- 
tain more  than  twice  the  quantity  2  Q  +  :)c,  or  more  tiian 
4  Q  +  2  XT,  call  it  4  Q  +  2  jf  +  y.  The  work  done  l^  one 
turn  in  a  minute  will  now  be  30  x  (4  Q  +  2  ^  +  f/)  «>  120 
Q  +  60  ;r  +  30  y.  By  such  an  induction  of  the  work  accom- 
plished, with  any  rates  of  motion  we  choose,  it  is  evident 
that  the  performance  of  the  machine  increases  with  every 
diminution  of  its  velocity  that  is  produced  by  the  mere  addi- 
tion of  a  similar  load  of  work,  or  that  it  does  the  more  work 
the  slower  it  goes.  This,  however,  is  abstracting  from  the 
effects  of  the  friction  upon  the  gudgeons  of  the  wheel,  a  cause 
of  resistance  which  increases  with  the  load,  though  not  in  the 
same  ratio. 

We  have  also  supposed  the  machine  to  be  in  its  state  of 
permanent  uniform  motion.  If  we  consider  it  only  in  the 
beginning  of  its  motion,  the  result  is  still  more  in  favour  of 
slow  motion ;  for,  at  the  first  action  of  the  moving  power^  tiie 
inertia  of  the  machine  itself  consumes  part  of  it,  and  it  acquires 
its  permanent  velocity  by  degrees,  during  which  the  resist- 
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ances  arising  from  the*  work,  friction,  &c.  increase,  till  they 
exactly  balance  the  pressure  of  the  water ;  and  after  this  the 
machine  no  longer  accelerates.  Now,  the  greater  the  power 
and  the  resistance  arising  from  the  work  are,  in  proportion  to 
the  inertia  of  the  machine,  the  sooner,  it  is  obvious,  will  itar* 
rive  at  its  state  of  permanent  velocity. 

The  preceding  discussion  only  demonstrates  in  general  the 
advantage  of  slow  motion ;  but  does  not  point  out  in  any 
degree  the  relation  between  the  rate  of  motion  and  the  work 
performed,  nor  even  the  principles  on  which  it  depends.  But 
this  is  not  necessary  for  the  improvement  of  practical  me- 
chanics. It  is,  however,  manifest,  that  there  is  not,  in  the 
nature  of  things,  a  maximum  of  performance  attached  to  any 
particular  rate  of  motion  which  should,  on  that  account,  be 
preferred.  All,  therefore,  that  we  have  to  do,  is  to  load  the 
machine,  and  thus  to  diminish  its  speed,  unless  other  physical 
circumstances  throw  obstacles  in  the  way :  for  there  are  such 
obstacles,  as  in  all  machines  there  are  certain  inequalities  of 
action  that  are  unavoidable.  In  the  action  of  a  wheel  and 
pinion,  though  made  with  the  utmost  judgment  and  care, 
there  are  such  inequalities.  These  increase  by  the  changes 
of  form  occasioned  by  the  wearing  of  the  machine  ;  and  much 
greater  irregularities  arise  from  the  subsultory  motions  of 
cranks,  stampers,  and  other  parts  which  move  unequally  or  re- 
ciprocally. A  machine  may  be  so  loaded  as  just  to  be  in  equi- 
librio  with  its  work,  in  the  favourable  position  of  its  parts : 
and  when  this  changes  into  one  less  favourable,  the  machine 
may  stop,  or,  at  all  events,  hobble  and  work  unequally.  The 
rubbing  parts  thus  bear  long  on  each  other,  with  enormous 
pressures,  cut  deep  into  each  other,  and  increase  friction : 
therefore  such  slow  motions  should  be  avoided.  A  little 
more  velocity  enables  the  machine  to  overcome  those  increas- 
ed resistances  by  its  inertia,  or  the  great  quantity  of  motion 
inherent  in  it.  Great  machines  possess  this  advantage  in  a 
superior  degree,  and,  consequently,  will  work  steadily  with  a 
smaller  velocity. 

Mr.  Smeaton,  in  his  Experimental  Inquir}-,  previous  to 
examining  into  the  power  and  application  of  water,  when 
acting  by  its  gravity  on  over shot^w heels ^  says,  "  In  reasoning 
without  experiment,  one  might  be  led  to  imagine,  that  how- 
ever dificrent  the  mode  of  application  is,  yet  that  whenever 
the  same  quantity  of  water  descends  through  the  same  per- 
pendicular space,  that  the  natural  effective  power  would  bf 
equal,  supposing  the  machinery  free  from  friction,  equally 
calculated  to  receive  the  full  effect  of  the  power,  and  to  make 
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the  most  of  it :  for  if  we  suppose  the  height  of  a  column  of 
water  to  be  30  inches,  and  resting  upon  a  base  or  aperture 
one  inch  square,  every  cubic  inch  of  water  that  departs  there- 
from will  acquire  the  same  velocity  or  momentum,  from  the 
uniform  pressure  of  30  inches  above  it,  that  one  cubic  inch 
let  fall  from  the  top  will  acquire  in  falling  down  to  the  level 
of  the  aperture :  one  would  therefore  suppose,  that  a  cubic 
inch  of  water,  let  fall  through  a  space  of  30  inches,  and  there 
impinging  upon  another  body,  would  be  capable  of  producing 
an  .equal  effect  by  collision,  as  if  the  same  cubic  inch  had 
descended  through  the  same  space  with  a  slower  motion,  and 
produced  its  effects  gradually.  But  however  conclusive  this 
reasoning  may  seem,  it  will  appear,  in  the  course  of  the 
following  deductions,  that  the  effect  of  the  gravity  of  descend- 
ing bodies  is  very  different  from  the  effect  of  stroke  of  such 
as  are  nori'dasticj  though  generated  by  an  equal  mechanical 
power." 

When  Mr.  Smeaton  had  finished  his  experiments  on  under- 
shot mills,  he  reduced  the  number  of  floats  on  the  wheel, 
which  were  originally  24,  to  12 ;  which  caused  a  diminution 
in  the  effect,  on  account  of  a  greater  quantity  of  water  escap- 
ing between  the  floats  and  the  floor:  but  a  circular  sweep  be- 
ing adapted  thereto,  of  such  a  length,  that  one  float  entered 
the  curve  before  the  preceding  one  quitted  it,  the  effect  came 
so  near  that  of  the  former,  as  not  to  give  any  hopes  of  ad- 
vancing it  by  increasing  the  number  of  floats  beyond  24  in 
this  particular  wheel. 

In  these  experiments  the  head  was  six  inches,  and  the  height 
of  the  wheel  24  inches,  so  that  the  whole  descent  was  30  inches: 
the  quantity  of  water  expended  in  a  minute  was  96^  pounds, 
which,  multiplied  by  30  inches,  gives  the  power  =  2900. 
After  making  the  proper  calculations,  the  effect  was  computed 
at  1914;  the  ratio  therefore  of  the  power  and  e^cct  will  be  as 
2900  :  1914,  or  as  10  :  6.6,  or  as  3  to  2  nearly.  But  if  we 
compute  the  power  from  the  height  of  the  wheel  only,  we 
shall  have  96^  pounds,  multiplied  by  24  inches  =  2320  for  the 
power,  and  this  will  be  to  the  effect  as  2320  :  1914,  or  as 
10  :  82,  or  as  5  to  4  nearly. 

From  another  set  of  experiments  the  following  conclusions 
were  deduced: 

1.  The  effective  power  of  the  water  must  be  reckoned 
upon  the  whole  descent,  because  it  must  be  raised  that 
height  in  order  to  produce  the  same  effect  a  second  time. 
The  ratios  between  the  powers  so  estimated,  and  the  effects 
at  the  maximum  J  differ  nearly  from  that  of  10  to  7.6,  to  that 
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of  10  to  5.S,  that  is  nearly  from  4.3  to  4.2.  In  those  expe« 
rimeots  where  the  heads  of  water  and  quantides  expended 
are  least,  the  proportion  is  nearly  as  4  to  3 ;  but  where  the 
heads  and  quantities  are  greatest,  it  approaches  nearer  to 
that  of  4  to  2 ;  and  by  a  medium  of  the  whole,  the  ratio  is 
that  of  3  to  2  nearly.  Hence  it  appears,  that  the  effect  of 
overshot-wheels  is  nearly  double  to  that  of  the  undershot, 
and,  by  consequence,  that  non-elastic  bodies,  when  acting 
by  their  impulse  or  collision,  communicate  only  a  part  of 
their  original  power,  the  remainder  being  spent  in  changing 
their  figure  in  consequence  of  the  stroke.  The  ultimate  con- 
clusion is,  that  the  effects,  as  well  as  the  powers,  are  as  the 
quantities  of  water  and  perpendicular  heights  multiplied  to- 
gether respectively. 

2.  By  increasing  the  head  from  3  to  11  inches,  that  is,  the 
whole  descent  frojB|A7  inches  to  35,  or  in  the  ratio  of  7  to  9 
nearly,  the  effect  Mpdvanced  no  more  than  in  the  ratio  of  8.1 
to  8.4,  that  is,  as  7  to  7.26 ;  and  consequently  the  increase  of 
effect  is  not  one-seventh  of  the  increase  of  perpendicular 
height.  Hence  it  follows,  that  the  higher  the  wheel  is  in 
proportion  to  the  whole  descent,  the  greater  will  be  the  effect; 
because  i%  depends  less  upon  the  impulse  of  the  head,  and 
more  upon  the  gravity  of  the  water  in  the  buckets :  and  if 
we  consider  how  obliquely  the  water  issuing  from  the  head 
must  strike  the  buckets,  we  shall  not  be  at  a  loss  to  account 
for  the  little  advantage  that  arises  from  the  impulse  thereof, 
and  shall  immediately  see  of  how  little  consequence  this  im- 
pulse is  to  the  effect  of  an  overshot- wheel.  This,  however, 
like  other  things,  is  subject  to  limitation,  for  it  is  desirable 
that  the  water  should  have  somewhat  greater  velocity  than 
the  circumference  of  the  wheel,  in  coming  thereon ;  other- 
wise the  wheel  will  not  only  be  retarded  by  the  buckets 
striking  the  water,  but  a  portion  of  the  power  will  be  lost  by 
the  water  dashing  over  the  buckets. 

3.  To  determine  the  velocity  which  the  circumference  of 
the  wheel  ought  to  have  in  order  to  produce  the  greatest 
effect,  Mr.  Smeaton  observes,  that  the  slower  a  body  descends, 
the  greater  will  be  the  portion  of  the  action  of  gravity  applica- 
ble to  the  producing  a  mechanical  effect,  and,  in  consequence, 
the  greater  will  be  the  effect.  If  a  stream  of  water  falls  into 
the  bucket  of  an  overshot-wheel,  it  is  there  retained  till 
the  wheel  by  moving  round  discharges  it,  and  consequently 
the  slower  the  wheel  moves,  the  more  water  each  bucket 
will  receive :  so  that  what  is  lost  in  spifcd,  is  gained  by  the 
pressure  of  a  greater  quantity  of  water  acting  in  the  buckets 
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The  reader  having  now  become  acquainted  with  the  valua- 
ble  course  of  experiments  made  by  Mr.  Smeaton,  we  shall 
next  offer  to  his  notice  a  few  remarks  upon  the  best  mode  of 
delivering  water  upon  an  overshot-wheel. 

In  wheels  of  this  construction,  it  has  been,  and  still  is,  the 
common  practice,  to  allow  the  water  to  flow  into  the  buckets 
at  the  highest  point  of  the  wheel ;  but  this  system  is  deci- 
dedly bad ;  for  the  centre  of  gravity  of  the  upper  bucket  is 
direct  over  the  axle  of  the  wheel,  and,  consequently,  any 
water  poured  into  that  bucket  will,  instead  of  creating  a  rota- 
tory motion,  cause  a  greater  pressure  upon  the  pivots  of  the 
axle.  The  greatest  advantage  would  be  obtained  by  causing 
the  water  to  fall  upon  the  wheel,  at  an  angle  of  42 i  or  45 
degrees,  as  then  the  power  of  the  wheel  will  be  augmented 
by  the  increased  leverage.  In  constructing  wheels  upon  this 
principle,  however,  great  care  must  be  taken  to  allow  a  suffi- 
ciency of  room  in  buckets  for  the  escape  of  air,  otherwise 
the  wheel  will  not  act.  The  same  observation  is  also  applU 
cable  to  breast-wheels ;  for  we  were  once  present,  and  wit- 
nessed an  instance  of  this  kind,  at  the  first  starting  of  a 
breast-wheel,  in  which  the  millwright,  in  order  to  obtain  the 
greatest  possible  effect,  had  made  the  back-boards  to  fit  so 
tight  that  no  water  or  air  could  escape ;  the  consequence  of 
which  was,  the  necessity  of  reducing  the  whole  of  the  back- 
boards, to  allow  air  enough  to  escape  for  the  water  to  act 
freely  upon  the  floats. 

BURKS*  OVERSIIOT-WHEEL  WITHOUT  A   SHAFT. 

This  ingenious  machine  was  invented  and  erected  by  the 
late  Mr.  Burns,  whose  mechanical  ingenuity  wc  have  already 
had  occasion  to  admire.  It  is  represented  in  two  different 
sections,  in  figs.  95  and  96,  and  forms  a  large  hollow  cylin- 
der by  its  buckets  and  sole,  without  having  any  shaft  or  axle- 
tree. 

This  wheel  is  12}  feet  diameter,  and  seven  feet  broad  over 

all,  and  has  28  buckets.     The  gudgeon  is  6  inches  diameter, 

fay  9  inches  long.     The  flaunch  is  H  inch  thick  at  the  ex- 

,  trade  points.    The  arms  are  of  redwood  fir,  6  inches  square ; 

CMW!  piece  making  two  arms  in  length,  where  they  cross  one 

asoiBer  at  the  wneers  centre,  H  inch  of  the  wood  remaining 

connecting  the  two  opposite  arms  as  one  piece.    The 

^as  made  by  first  fitting  the  gudgeon  into  a  large 

'(lard  wood,  with  the  fiaunch  parallel  to  the  horizon, 

ut  position  the  arms  and  rings  were  trained  and 


AND  MACHINIST.  83 

bound  fast  to  it.  All  the  grooves  for  starts  or  raisers,  and 
buckets,  were  cut  out  before  it  was  removed  ;  first  one  piece 
was  bolted  to  the  fiaupch  at  a  a,  and  so  of  the  others,  leaving 
the  distant  openings  for  the  cross  bars  that  reach  between  each 
arm  and  its  opposite  arm.  These  bars  or  pieces,  were  only 
4  inches  square,  and  were  of  good  beech  wood,  turned  round 
in  the  body.  They  were  10  inches  square  at  each  end,  in  which 
was  fitted  a  strong  nut  for  a  bolt,  li  inch  thick,  to  go  through 
i,  and  connect  the  two  sides  together. 

After  the  arms  were  trained  and  fixed  right  upon  the  gud- 
geons, the  innermost  ring  was  completed ;  the  tenons  were 
trained  on  the  arms  first,  and  the  rings  4i  inches  thick  and  8 
inches  deep,  put  on  by  keys  driven  into  the  mortice.  The 
remaining  tenons  were  then  reduced  from  H  to  1  inch  thick, 
and  the  outermost  ring,  only  3  inches  thick  by  6  inches  deep, 
was  firmly  wedged  thereon,  and  bound  fast  at  the  other  ends 
by  three  strong  wooden  pins,  as  at  C  C ;  to  the  lower  ring,  the 
outside  of  the  uppermost  and  undermost  rings  are  flush,  all 
the  additional  thickness  of  the  lower  ring  projecting  inside 
the  buckets. 

Some  difficulty  was  found  in  laying  the  water  properly  into 
the  buckets  of  this  wheel,  owing  to  the  narrowness  of  the 
mouths  of  the  buckets,  by  the  high  start  or  raiser,  which  was 
remedied  by  adopting  the  following  plan. 

The  openings  in  the  bottom  of  the  troughing  should  be  of 
iron,  and  so  distant  from  each  other  that  the  water  from  them 
is  thrown  into  two  separate  buckets.  The  iron  curved  parts 
should  also  be  movable,  to  adjust  the  openings  to  the  quantity 
of  water  necessary  for  the  wheel.  Unless  the  head  of  water 
is  12  or  14  inches  above  these  openings,  it  will  be  difficult  to 
give  it  the  proper  direction  into  the  buckets,  especially  if  the 
openings  are  pretty  wide  for  them  ;  for  then  it  deviates  the 
more  down  from  the  line  of  direction,  and  tends  to  retard  the 
wheel,  by  striking  on  the  outside  of  the  bucket. 

The  openings  from  which  the  buckets  are  filled,  ought  to  be 
10 inches  less  in  length  than  the  buckets,  i.  e,  five  inches  at 
each  side,  otherwise  the  water  is  apt  to  jerk  over  on  each  side 
of  the  wheel,  as  the  edges  of  the  bucket  pass  by. 

The  mode  of  making  and  finishing  the  wheel  at  Cnrtside  re- 
quires very  little  workmanship,  compared  to  the  usual  method; 
and  any  good  joiner  will  do  it  as  well  as  a  millwright.  The 
joiner  finished  Cartside  wheel  in  six  or  seven  weeks.  The 
construction  will  be  better  understood  from  the  following  re- 
ference to  the  figures. 

Fig.  95  represents  three  distinct  transverse  views.  The  part 
marked  A  supposes  a  part  of  the  shrouding  in  section,  showing 
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'die  pins;  the  pAt  marked  B  is  a  section  of  the  wheel  ihrouffb 
«ny  part  of  the  tuckets,  and  showing  three  of  the  ties,  t ,  2,  3, 
fa  sectioo.  ^  Part  D  shows  the  manner  in  which  the  exterior 
'endiof4li*«licel  are  ^nished,  also  the  gudgeons,  fiaunch.  Sec. 
Fig.  96  isaloogiiudinal  section  of  the  wheel  through  one  of 
the  «mAr«ho«Uig  thcprojectiou  ofth«  shrouding,  the  manner 
ia  which  the  anna  of  tin-  wheel  arc  connected  together,  and  like- 
visetbemanneriti  which  the  lies  are  connected  to  the  gudgeon- 

'    CHAIN  07  BUCKETS. 

Tbji  is  applicable)  itimny  attuatioas  where  there  is  a  con- 
uderable  fall  of  water.  Thta  sketch  was  taken  from  one  in 
Scddmd"UBed  to  p*e  motion  to  a  thrashing  mill:  the  fig.  97 
if  so  obvious  ■•  tctveed  littU  tepbinatiori .  The  buckets  C| 
Dj'G,  H,  be.  nljSiitite  coonected  by  several  chains  to  avoid 
dM  ^oger  of  freaking,  and  uoited  nto  an  endless  charnv 
wlbich  la  extended  over  two  wttccls  A  «Dd  B,  the  upper  one 
being  the  axis  which  is  to  conmtlBicate  motion  to  the  mill- 
work;  ]£  is  the  spoat  to  supply  the  water.  The  principal 
advanuge  of  this  plan  is,  Uiat  no  water  is  lost  by  running  out 
of  the  buckets  before  they  arrive  at  the  lowest  part,  as  is  the 
caae  with  the  wheel.  Another  is,  that;the  buckets  being-fii** 
{tended  over  the  whelA  A  of  small  diameter,  it  tn^fce/pnife  ^ 
tO;revolve  more  quickTy  than  a  wheel  of  large  diamefar«  afii 
vithout  increasing  the  velocity  of  the  descending  buctiets  Iw 
yond  what  is  proper  for  them.  This  saves  wheel-Work  .when 
the  Machine  is  to  be  cnployGd,  as  in  a  thrashing  inschioei  to 
produce  a  rapid  moUon.  On  the  other  hand,  the  friction  of 
the  chain  in  folding  over  the  wheel  at  the  top,  |iri&  arizing 
its  cogs,  will  be  very  considerable ;  these  cogs  mtutcAiiftr  the 
spaces  in  the  open  links  between  the  buckets,  to  prevent  the 
chain  slipping  upon  the  upper  wheel.  We  think  this  machine 
might  be  much  improved  by  contriving  it  so  that  die  chain 
would  pass  through  the  centre  of  gravity  of  each  bucket, 
whereas  in  the  present  form,  the  weight  of  each  bucket  tends 
to  give  the  chain  an  extra  bend. 

The  chain-pump  reversed,  has  been  proposed  nsa  tubttitute 
for  a  water-wheel  when  the  fall  is  very  great,  aitd  we  thinL 
it  would  answer  the  purpose  with  some  chance  of  success. 
It  woiUd  have  an  advantage  over  the  chain-pump  when  em- 
ployed for  raising  water,  in  the  facility  of  apiJying  cup 
learners  to  the  pistons  on  the  chain,  in  the  same  way  as  other 
pumps,  which  leathers  expand  themselves  to  the  inside  of 
the  barrel,  and  are  kept  perfectly  tight  by  the  pressure  of 
the  water.     Id  the  chain-pump  such  leathen  cannot  b« 
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cmplofed,  because  the  edges  of  the  leather  cups  would  turn 
down  and  stop  the  motion,  when  the  cups  were  drawn  up- 
wards into  the  barrel.  It  is  the  defective  mode  of  leathering 
the  pistons  of  the  chain-pump  which  occasions  its  great  fric- 
tion. In  the  motion  of  a  machine  of  this  kind,  the  pistons 
would  descend  into  the  barrel,  and  might  therefore  be  lea- 
thered with  cups  like  other  pumps,  so  as  to  be  quite  tight 
without  immoderate  friction.  This  machine  was  proposed  by 
a  Mr.  Cooper  in  1784,  who  obtained  a  patent  for  it,  and  Dr. 
Robison  has  again  proposed  it  with  recommendation. 

BREAST-WHEELS. 

The  breast-wheel  partakes  of  the  nature  both  of  an  overshot 
and  an  undershot:  it  is  driven  partly  by  impulse,  but  chiefly 
by  the  weight  of  water.  The  lower  part  of  the  wheel  is  sur- 
rounded by  a  curved  wall  or  sweep  of  masonry,  which  is  made 
concentric  with  the  wheel,  and  the  float-boards  of  the  wheel 
are  ezacdy  adapted  to  the  masonry,  so  as  to  pass  as  near  as 
possible  thereto  without  touching  it ;  and  the  side  walls  are 
in  like  manner  adapted  to  the  end  of  the  float-boards  or  sides 
of  the  wheel,  the  intention  being  to  let  the  least  possible  quan- 
tity of  water  pass  without  causing  the  float-boards  to  move 
before  it.  In  fig.  98,  the  water  is  poured  upon  the  top  of  the 
wheel  over  the  breasting  at  I,  the  efllux  from  the  mill-dam  K 
being  regulated  by  the  sluice  or  shuttle  M,  which  is  placed 
in  the  direction  of  a  tangent  to  the  wheel,  and  is  provided 
with  the  rack  R,  and  pinion  P,  by  which  it  can  be  drawn  up 
so  as  to  make  any  required  degree  of  opening,  and  admit 
more  or  less  water  to  flow  on  the  wheel. 

The  water  first  strikes  on  the  float,  and  urges  it  by  its  im- 
pulse ;  but  when  the  floats  descend  into  the  sweep,  they  form 
as  it  were  close  buckets,  each  of  which  will  contain  a  given 
quantity  of  water,  and  the  water  cannot  escape  from  these 
buckets  except  the  wheel  moves,  at  least  this  is  the  intention, 
and  the  wheel  is  fitted  as  close  as  it  can  be  to  the  race  with 
that  view.  Each  of  the  portions  of  water  contained  in  these 
spaces  bears  partly  upon  the  wall  of  the  sweep,  and  partly 
upon  the  floats  of  the  wheel ;  and  its  pressure  upon  the  floats, 
it  not  exceeded  by  the  resistance,  will  cause  the  wheel  to 
move ;  hence  the  action  upon  all  the  floats  which  are  within 
the  sweep  of  the  breasting  is  by  the  weight  of  the  water  alone ; 
but  the  water  is  made  to  impinge  upon  the  first  float-board 
with  some  velocity,  because  the  surface  of  the  water  in  the 
dam  K  is  raised  considerably  above  the  orifice  beneath  the 
buttle  where  the  water  issues < 


-•p^r  ^ir:  'J  v-^  ail  ic  I  n  rrondcd  aiF  tc  a  segment 
of  &  circjc.  "Jk.'.i'i  i-*  ct'-'pti  cf  die  fall,  and  Ac  waccr  runs 
over  it.  Tr.*:  I'.-aer  edr^  if  die  abntrle  when  put  dcwn  is 
naJe  to  r:  :>.:<  c.ne.  so  x^  to  Make  a  tizhi  joist;  and  in 
contc'3  -.tT.ct.  mh^n  ihc  «?mnle  is  drawn  c:?,  the  water  will 
r  -n  tiet-A'ter-  it*  lower  cd^  and  die  crown  in  a  sheet  or  stream 
which  *triic?*  '-pen  tr.»  nrst  float  that  presents  itself,  nearly 
in  a  dir«tction  perpendicular  to  the  plane  of  the  float-board, 
or  of  a  tangent  to  the  wheel.  The  float-boards  of  the  wheel 
arc  directed  to  the  centre,  but  there  are  other  boards  placed 
obliquely  which  extrnd  from  one  float-board  to  the  rim  of  the 
ivheel,  and  nearly  fill  the  space  between  one  float-board  and 
the  next.  These  are  called  rising-boards,  and  the  use  of  them 
i^  to  prevent  the  water  flowing  over  the  float-board  into  the 
interior  of  the  wheel ;  but  the  edges  of  these  l>oards  are  not 
continued  so  far  as  to  join  to  the  hack  of  the  next  float,  be- 
cause that  would  make  all  the  boards  of  the  wheel  close,  and 
prevent  the  free  escape  of  the  air  when  the  water  entered  into 
the  space  between  the  floats. 

As  the  water  strikes  with  some  force,  the  rising-boards  are 
very  necessary  to  prevent  the  water  from  dashing  over  the 
float-boards  into  the  interior  of  the  wheel. 

This  is  the  form  of  breast-wheel  employed  by  Mr.  Smeaton 
in  the  great  number  of  mills  which  he  constructed;  but 
although  he  speaks  of  the  impulse  of  the  water  striking  the 
wheel,  he  always  endeavoured  to  make  the  top  of  the  breast- 
in;;,  or  crown  of  the  fall,  as  high  as  possible  ;  so  as  to  attain 
the  >;rraicst  fall  and  the  least  of  the  impulsive  action.  All 
rivcrn  and  htreams  of  water  are  subject  to  variation  in  height 
Iroin  floodn  or  dry  seasons,  and  in  some  this  is  ver}- consider- 
ahli  :  it  was  therefore  necessary  to  make  the  crown  I  of  the 
l»ll,  ai  hiK  h  a  height  as  that,  in  the  lowest  state  of  the  water 
H,  ii  vvmild  run  over  the  crown  in  a  sheet  of  three  or  four 
tni  lirn  III  thickness,  and  work  the  wheel.  When  the  water 
•  «»rir  hi^jiri  in  the  mill-dam,  it  would  then  have  a  pressure  to 
h'lii-  II  iJiiou^rh,  and  in  that  case  would  strike  the  wheel  so 
tth  iti  iiiipcl  ii  |,y  x\\c  velocit}^ 

Mr.  Siiiniton  was  well  aware  that  the  power  communicated 

by  lliin  inipulHc  was  very  small.     In  some  cases,  where  the 

wutrr  wuA  vrry  subject  to  variation,  he  used  a  false  or  mo\-a- 

bl«  crown,  that  is,  a  piece  of  wood  which  fitted  to  the  crown 

*"  I.  *^"***'*'  ^^^  surface  thereof  a  foot  or  more,  so  as  to  ob- 

n  ihe  Krcutcst  full  when  the  water  stood  at  a  mean  height; 

I  when  the  water  sunk  too  low  to  run  over  this  movable 

iwn,  it  ruuld  be  drawn  up  to  admit  the  water  beneath  it. 
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This  effect  has  since  been  produced  in  a  more  perfect  manner 
by  making  the  crown  of  the  fall  a  movable  shuttle,  to  rise  and 
nil  according  to  the  height  of  the  water  in  the  mill-dam,  by 
which  means  the  inconvenience  before-mentioned  is  avoided* 

IMPROVED  BREAST-WHEEL,  IN  WHICH  THE  WATER  RUNS  0VE3 

THE  SHUTTLE. 

Fio.  110  is  a  section  of  one  of  this  kind.  A  is  the  water 
which  is  made  to  flow  upon  the  float-board  B,  and  urges 
the  wheel  by  its  weight  only,  the  water  being  prevented 
from  escaping  or  flowing  off  the  float-boards  by  the  breast 
or  sweep  D  D,  and  the  side-walls  which  enclose  the  floats  of 
Ae  wheel.  The  upper  part  of  the  breast  D  D  is  made  by  a 
cast-iron  plate,  curved  to  the  proper  sweep  to  line  with  the 
stone-work.  On  the  back  of  the  cast-iron  plate  the  moving 
shuttle  c  is  applied ;  it  fits  close  to  the  cast-iron  so  as  to  pre- 
vent the  water  from  leaking  between  them,  and  the  water 
runs  over  its  upper  edge.  F  is  an  iron  groove  or  channel 
let  into  the  masonry  of  the  side-walls,  and  in  these  the  ends 
of  the  sliding  shuttle  are  received;  f  is  an  iron  rack,  which 
is  applied  at  the  back  of  the  shuttle,  and  ascends  above  the 
water-Une  where  the  pinion  g  is  applied  to  it  to  raise  or 
lower  the  shutde.  The  axis  of  the  pinion  is  supported  in  a 
frame  of  wood  II,  MI  is  a  toothed  sector  and  balance-weight, 
which  bears  the  shuttle  upwards,  or  it  might  otherwise  fall 
down  by  its  own  weight,  and  put  the  mill  in  motion  when 
not  intended.  G  is  a  strong  planking,  which  is  fixed  across 
between  the  two  side-walls,  and  retains  the  water  when  it 
rises  ver}'  high,  as  in  time  of  floods ;  but  in  common  times 
the  water  rises  only  a  few  inches  above  the  lower  edge  of  the 
planking.  When  the  shuttle  is  drawn  up  to  touch  this  lower 
edge,  the  water  cannot  escape ;  but  when  the  shuttle  is  lower- 
ed down,  it  opens  a  space  e  through  which  the  water  flows 
upon  the  float- boards  of  the  wheel. 

Fig.  Ill  is  a  section  of  the  most  improved  form  for  a 
breast-wheel,  taken  from  the  Royal  Armoury  Mills  at  Enfield 
Lock,  erected  by  Messrs.  Lloyd  and  Ostel.  The  general 
description  of  this,  is  like  the  former,  but  it  is  constructed  in 
a  better  manner,  and  unites  strength  with  durability.  The 
breast  of  masonry  is  surmounted  by  a  cast-iron  plate  A, 
2^  feet  high,  which  is  let  into  the  masonry  of  the  side-walls 
at  each  end,  and  the  lower  part  is  formed  with  a  flanch,  by 
which  it  is  bolted  to  the  stone  breast  at  top.  This  plate  is 
made  straight  at  the  back  for  the  shuttle  B  to  lie  against, 
and  it  slides  up  and  down.    The  ends  of  the  gate  are  guided 

14 
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by  iron  groove  pieces  or  channels  which  arc  let  into  the 
stone-work  of  the  side-walls,  and  being  made  wedge-like^ 
they  fix  the  ends  of  the  cast-iron  breast  fast  in  its  place. 
The  grooves  are  not  upright,  but  inclined  to  the  perpendicu- 
lar so  much,  that  the  plane  of  the  gate  is  at  right  angles  to 
a  radius  of  the  wheel  drawn  through  the  point  where  the  water 
falls  upon  the  wheel.  D  is  a  strong  plank  of  wood,  extended 
between  the  iron  grooves  just  over  the  shuttle.  When  the 
shuttle  is  drawn  up  it  comes  in  contact  with  the  lower  side  of 
this  piece  of  wood,  and  stops  the  water ;  but  the  piece  D  is 
fixed  at  such  a  height,  that  the  water  will  run  clear  beneath 
it,  unless  its  surface  rises  above  its  mean  height. 

The  float-boards  of  the  wheel  do  not  point  to  the  centre  of 
the  wheel,  but  are  so  much  inclined  thereto  that  they  are 
exactly  horizontal  at  the  point  where  the  water  first  flows 
upon  them.  In  this  way,  the  gravity  of  the  water  has  its  full 
effect  upon  the  wheel,  and  the  boards  rise  up  out  of  the  tail- 
water  in  a  much  better  position,  than  if  they  pointed  to  the 
centre  of  the  wheel;  this  is  more  particularly  observable 
when  the  wheel  is  flooded  by  tail-water  penned  up  in  the 
lower  part  of  the  race,  so  that  it  cannot  run  freely  away  from 
the  wheel.  The  dimensions  of  this  wheel  are  as  follows: 
diameter  18  feet  to  the  points  of  the  floats,  and  14  feet 
wide ;  the  float-boards  are  40  in  number,  each  16  inches 
wide,  and  each  rising-board  11  inches  wide.  The  wheel  is 
formed  of  four  cast-iron  circles  or  wheels,  each  14  feet  8 
inches  diameter,  placed  at  equal  distances  upon  the  central 
axis,  which  is  14  feet  8  inches  long  between  the  necks  or 
bearings,  and  9  inches  square ;  the  bearing-necks  are  9i 
inches  diameter.  The  wheel  is  calculated  to  make  four  revo- 
lutions per  minute,  which  gives  near  3i  feet  per  second  for 
the  velocity  with  which  the  float-boards  move.  The  fall  of 
water  is  six  feet,  and  the  power  of  the  wheel,  when  the 
shuttle  is  drawn  down  one  foot  perpendicular,  equal  to 
28-horse  power. 

BREAST- WHEEL  WITH  TWO  SHUTTLES. 

In  this  wheel  the  piece  of  wood  marked  D  in  the  last 
figure,  is  fitted  into  the  groove  of  the  shuttle,  and  is  provided 
with  racks  and  pinions  to  slide  up  and  down,  independently  of 
the  lower  shuttle.  This  enables  the  lower  shuttle  to  rise  and 
fall,  according  to  the  height  of  the  water,  so  that  the  water  shall 
always  run  over  the  top  of  it,  in  the  proper  quantity  to  work 
the  mill  with  its  required  velocity,  whilst  the  upper  shuttle  is 
only  used  to  stop  the  mill  by  shutting  it  down  upon  the 


AMD  HACHIMI8T*  91 

lower  4hutde,  atid  preventing  the  water  from  running  over  it. 
ThU  plan  is  used  when,  the  mill  is  to  be  regulated  by  a  go^. 
vemor,  or  machine  to  govern  its  velocity ;  in  that  case  the 
governor  is  made  to  operate  upon  the  lower  shuttle,  and  will 
nnie  it  up,  or  lower  it  down,  according  as  the  mill  ukes  tod 
aiuch  or  too  little  water,  and  this  regulates  the  supply;  but 
the  up^r  shuttle  is  used  to  stop  the  mill,  and  by  this  means 
t|ba  audjttstment  of  the  lower  shuttle  is  not  destroyed,  but 
wben^  set  to  work  again,  i^  will  move  with  its  required 
iebcity.  Fig.  101  is  a  section  of  one  of  the  water-wheels 
ait^  the  cotton-mills  of"  Jkf essrs,  Strutt,  at  Belper,  in  Derby- 
ffiire.  The  width  of  this  wheel  is  very  great,  and  to  render 
ihe  shuttles  A  B  firm,  a  strong  grating  of  cast-iron  is 
fxed  on  the  top  of  the  breast  K,  and  the  shuttles  are 
•(iplied  at  the.  badk  of  the  grating  £,  so  as  to  slide  up  and 
dcnrn  aninst  it,  the  strain  occasioned  by  the  pressure  of  the 
WKt$t  being  borne  bv  the  grating.  The  lower  shuttle  is 
fMMred'by  means  of  long  screws^  a,  which  have  bevelled 
wheels,  i,  at  the  upper  ends,  to  turn  them,  by  a  connection 
of 'wheel-work  w^n  the  wheel-work  of  the  mill.  The  upper 
A|ilt|e»  A,  is  drawn  up  or  down  by  racks  and  pinions,  c, 
vinehare  turned  by  a  winch,  or  handle.  The  rars  of  the 
gnidng  E  are  placed  one  above  the  other,  like  shelves,  but 
are  not  horizontal ;  they  are  inclined,  so  that  the  upper  sur- 
.fiices  of  all  the  bars  form  tangents  to  an  imaginary  circle  of 
one-third  the  diameter  of  the  wheel  described  round  the 
centre  thereof.  These  bars  are  not  above  half  an  inch  thick, 
and.  the  spaces  between  them  are  2i  inches.  The  bars  are  of 
a  considerable  breadth,  the  object  of  them  being  to  lead  the 
water,,  with  a  proper  slope  ftom  the  top  of  the  lower  shuttle 
Bf'to  flow  upon  the  floats  of  the  wheel.  This  disposition 
allows  the  shuttles  to  be  placed  at  such  a  distance  from  the 
wheel  as  to  admit  very  strong  upright  bars  of  cast4ron  to 
$e  placed  between  the  wheel  and  the  shuttles,  for  the  shuttles 
to  bear  against,  and  prevent  them  from  bending  towards  the 
wheel,  as  the  great  weight  of  water  would  otherwise  occasion 
them  to  do.  These  upright  bars  are  very  firmly  fixed  to 
the  atone-work  of  the  breast  at  their  lower  ends,  and  the 
upper  ends  are  fastened  to  a  large  timber,  D,  which  is  sup- 
ported at  its  ends  in  the  side-walls,  and  has  a  truss-framing 
applied  to  the  back  of  it,  like  the  framing  of  a  roof,  to  prevent 
it  from  bending  towards  the  wheel.  The  upright  bars  are 
placed  at  distances  of  five  feet  asunder,  so  as  to  support  the 
shuttles  in  two  places  in  the  middle  of  their  length,  as  well 
as  at  both  ends ;  and  large  rollers  are  applied  in  the  shuttle^ 
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where  it  bears  against  these  bars,  to  dimiDish  the  friction, 
which  would  otherwise  be  very  great. 

These  precautions  will  not  appear  unnecessary  when  the 
size  of  the  work  is  known.  The  wheel  is  21  i  feet  in  diame- 
ter,  and  15  feet  broad ;  the  fall  of  water  is  14  feet,  when  it  is 
at  a  mean  height ;  the  upper  shuttle  is  2i  feet  high,  and  15 
feet  long ;  the  lower  shuttle  is  five  feet  high,  and  the  same 
length,  so  that  it  contains  75  square  feet  of  surface  exposed 
to  the  pressure  of  the  water;  now  taking  the  centre  of  pressure 
at  two-thirds  of  the  depth,  or  3i  feet,  we  find  the  pressure 
equal  to  that  depth  of  water  acting  on  the  whole  surface;  that 
is,  the  weight  of  3i  cubic  feet  of  water  «  208  pounds,  bears 
on  every  square  foot  of  surface,  which  is  equal  to  15,600 
pounds,  or  near  seven  tons,  on  the  lower  shuttle  only ;  but  if 
we  take  the  two  shuttles  together,  the  surface  is  112  square 
feet,  and  the  mean  pressure  312  pounds  upon  each,  or  16  tons 
in  the  whole.  The  wheel  has  40  float-boards  pointing  to  the 
centre.  The  wheel  is  made  of  cast-iron.  There  are  two 
wheels  of  the  dimensions  above  stated,  which  are  placed  in  a 
line  with  each  other,  and  are  only  separated  by  a  wall  which 
supports  the  bearings  ;  for  they  work  together  as  one  wheel, 
and  the  separation  is  only  to  obviate  the  difficulty  of  making 
one  wheel  of  such  great  breadth  as  30  feet,  though  this  is  not 
impossible,  for  there  is  a  wheel  in  the  same  works  40  feet  in 
breadth,  but  it  is  of  wood  and  not  iron,  and  is  framed  in  a 
particular  manner. — Dr.  Rees's  Cyclopxdia, 

DR.  barker's  mill. 

Dr.  Desaguliers  appears  to  have  been  the  first  who  pub- 
lished an  account  of  this  machine.  He  ascribes  the  invention 
to  Dr.  Barker,  in  the  following  words:  ^^  Sir  George  Savill  says, 
he  had  a  mill  in  Lincolnshire  to  grind  corn,  which  took  up  so 
much  water  to  work  it,  that  it  sunk  his  ponds  visibly,  for 
which  reason  he  could  not  have  constant  work  ;  but  now,  by 
Dr.  Barker's  improvement,  the  waste  water  only  from  Sir 
George's  ponds  keeps  it  constantly  to  work." 

Dr.  Barker's  mill  is  shown  in  fig.  102,  where  C  D  is  a 
vertical  axis,  moving  on  a  pivot  at  D,  and  carrying  the  upper 
millstone  m^  after  passing  through  an  opening  in  the  fixed 
millstone  C.  Upon  this  axis  is  fixed  a  vertical  tube  T  T, 
communicating  with  a  horizontal  tube  A  B,  at  the  extremities 
of  which,  A,  B,  are  two  apertures  in  opposite  directions. 
When  water  from  the  millcourse  M  N  is  introduced  into  the 
tube  T  T,  it  flows  out  of  the  apertures  A,  B,  and,  by  the 
reaction  or  counterpressure  of  the  issuing  water,  the  arm  A  B, 
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Md  conicqueiitlj  the  whole  machinCf  is  pat  in  motioo* 
The  bridffe^ee  a  4  is  elevated  or  depressed  by  turning  die 
nut  r  it  the  end  of  the  lever  c6.  In  order  to  understand 
how  this  motion  is  produced^  let  us  suppose  both  the  aper- 
tures jjiot,  and  the  tube  T  T  filled  with  water  up  to  T.  The 
apertures  A,  B,  which  are  shut  up,  will  be  pressed  outwards 
hj  HI  force  equal  to  the  weight  of  a  column  of  water  whose 
Keight  is  T  T,  and  whose  area  is  the  area  of  the  apertures. 
Every  part  of  the  tube  A  B  sustuns  a  similar  pressure ;  but 
M  diese  pressures  are  bishttced  by  equal  and  opposite 
presaureSf  the  arm  A  B  is  at  rest,  lly  opening  the  aperture 
tt  At  however^  the  pressure  at  that  place  is  removed,  and 
consequently  the  arm  is  carried  roundf  by  a  pressure  equal  to 
'duit  of  a  Column  T  T,  acting  upon  an  area  equal  to  that  of 
die  aperture  A.  The  same  thing  happens  on  the  arm  T  B; 
and  ttiese  two  pressures  drive  the  arm  A  B  round  in  the 
aaasa  dtcecdon.  This  machine  may  evidently  be  applied  to 
drive  any  kipd  of  machinery,  by  fixing  a  wheel  upon  the 
Totical  aaia  G  D. 

la  die  pieoediog  form  of  Barker's  mill,  the  lengdi  of  the 
ana;  C  D  mast  always  exceed  the  height  of  die  lall  N  D, 
and  dierefore  when  the  fall  is  very  high,  the  difficulty  of 
erecdng  such  a  machine  would  be  great*  In  order  to  remove 
this  difficulty,  M.  Mathon  de  la  Cour  proposes  to  introduce 
the  water  from  the  millcourse  into  the  horizontal  arms  A,  B, 
which  are  fixed  to  an  upright  spindle  C  T,  but  without  any 
tube  T  T«  The  water  will  obviously  issue  from  die  apertures 
A,  B,  in  the  same  manner  as  if  it  had  been  introduceid  at  the 
top  of  a  tube  T  T  as  high  as  the  fall.  Hence  die  spindle 
C  D  may  be  made  as  short  as  we  please.  The  practical  dif- 
ficulty which  attends  this  form  of  the  machine,  is  to  give  the 
arms  A,  B,  a  motion  round  the  mouth  of  the  feeding  pipe^ 
which  enters  the  arm  at  D,  without  any  great  fricdon,  or 
any  considerable  loss  of  water.  This  form  of  the  mill  is 
shown  in  fig.  103,  where  F  is  the  reservoir,  K  the  millstones, 
K  D  the  vertical  axis,  F  £  C  the  feeding  pipe,  the  mouth  df 
which  enters  the  horizontal  arm  at  C.  Id  a  machine  ot  this 
|iad  which  M.  Mathon  de  la  Cour  saw  at  Bourg  Argental, 
A  B  was  92  inches,  and  its  diameter  three  inches  i  the  diame- 
ter of  each  orifice  was  1|  inch,  F  G  was  21  feet ;  the  internal 
diameter  of  D  was  two  inches,  and  it  was  fitted  into  C  by  find- 
ing. This  machine  made  115  turns  in  a  minute  when  it  was 
unloaded,  and  emitted  water  by  one  hole  only.  The  machine^ 
when  empty,  weighed  BO  pounds,  and  it  was  half  supported 
by  die  upwiurd  pressure  of  the  water. 


iMf  THE  OPERATIVE  IIECUANIC 

This  improvemepc,  which  was  first  given  by  M.  Mathon  de 
la  Courvin  the  journal  de  Physique^  177 S^  appeared  twenty 
years  afterwards  in  the  American  Philosophical  Transactions^ 
as  the  invention  of  a-  Mr.  Ramsey  ;  and  Mr.  Waring,  who  in-^ 
serted  the  account,  contrary  to  every  other  philosopher,  makes 
the  effect  of  the  machine  only  equal  to  that  of  a  good  under- 
shot wheel,  moved  with  the  same  quantity  of  water  falling 
through  the  same  height. 

Dr.  Gregory,  in  his  MechanitB^  vol.  ii.  has  given  this  paper 
with  some  corrections,  and  recommends  it  as  the  best  theory. 
The  following  rules,  deduced  from  his  calculus,  may  be  of 
use  to  those  who  wish  to  make  experiments  on  the  effect  of 
this  interesting  machine. 

1.  Make  each  arm  of  the  horizontal  rotatory  tube  or  arm 
of  any  convenient  length,  from  the  centre  of  motion  to  the 
centre  of  the  apertures,  but  not  less  than  one-third,  (one- 
ninth,  according  to  Mr.  Gregory,)  of  the  perpendicular  height 
of  the  water-8  surface  above  their  centres. 

2.  Multiply  the  length  of  the  arm  in  feet  by  .6136,  and 
take  the  square  root  of  the  product  for  the  proper  time  of  a 
revolution  in  seconds,  and  adapt  the  other  parts  of  the  ma- 
chinery to  this  velocity;  or  if  the  required  time  of  a  revolution 
be  given,  multiply  the  square  of  this  time  by  1.629  for  the 
proportional  length  of  the  arm  in  feet. 

3.  Multiply  together  the  breadth,  depth,  and  velocity  per 
second,  of  the  race,  and  divide  the  last  product  by  18.47 
times,  (14.27,  according  to  Mr.  Gregory,)  the  square  root  of 
the  height,  for  the  area  of  either  aperture. 

4.  Multiply  the  area  of  either  aperture  by  the  height  of 
the  fall  of  water,  and  the  product  by  41^  pounds,  (^55.775^ 
according  to  Mr.  Gregory,)  for  the  moving  force,  estimated 
at  the  centres  of  the  apertures  in  pounds  avoirdupois. 

5.  The  power  and  velocity  at  the  aperture  may  be  easily 
reduced  to  any  part  of  the  machinery  by  the  simplest  me- 
chanical rules. 

TIDE-MILLS. 

Tide-mills,  as  their  name  imports,  arc  such  as  employ 
for  their  first  mover  the  flowing  and  ebbing  tide,  either  in 
the  sea  or  a  river. 

Mills  of  this  kind  have  not  often,  we  believe,  been  erected 
in  England,  though  several  of  our  rivers,  and  particularly 
the  Thames,  the  Humber,  and  the  Severn,  in  which  the  tide 
rises  to  a  great  height,  furnish  a  very  powerful  mover  to. 
drive  any  kind  of  machinery,  and  would  allow  of  tide -mills 
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being  very  advantageously  constructed  upon  their  banks.  The 
erection  of  such  mills  is  not  to  be  recommended  universally, 
as  they  are  attended  with  a  considerable  original  expense ; 
beside  that,  some  of  their  parts  will  require  frequent  repairs  t 
but  in  some  places,  where  coal  is  very  dear,  they  may,  on 
the  whole,  be  found  less  expensive  than  steam-engines  to  per- 
form the  same  work,  and  may,  on  that  account,  be  preferred 
even  to  them. 

We   have  not  been  able  to  ascertain  who  was  the  first 
contriver  of  a  tide-mill  in  this  country,  nor  at  what  time  one 
was  first  erected.     The  French  have  not  been  so  negligent 
respecting  the  origin  of  this  important  invention,  as  to  let 
it   drop  into  obscurity;    but  have  taken  care  to  inform  us 
that  such  mills  were  used  in  France  early  in  the  last  century. 
Belidor  mentions    the    name   of  the  inventor,  at  the  same 
time  that  he  states  some  peculiar  advantages  of  this  species 
of  machine.    ^'L'on   en  attribue,"   says   he,  ^la  premiere 
invention  a  un  nomme  Perae^  maitre  charpentier  de  Dun- 
kerque,  que  merite  assurement  beaucoup  d  eloge,  n'y  ay  ant 
point  de   gloire  plus  digne  d'un  bon  citoyen,  que  celle  de 
produire  quelqu'invention  utile  a  la  societe.     £n  efFet,  com- 
bien  n'y  a-t'-il  point  de   choses  essentielles  i  la  vie,  dont 
on  ne    connoit   le   prix   que    quand    on   en   est   prive :   les 
moulins  en  general  sont  dans  ce  cas-la.     On  doit  s^avoir  bon 
gre  a  ceux  qui  nous  ont  mis  en  etat  d'en  construire  partout: 
par   exemple,   a    Calais,   comme    il   n'y   serpente   point    de 
rivieres,  on  n^y  a  point  fait  jusqu'ici  de  moulins  a  eau,  et 
ceux  qui  vont  par  le  vent  chomant  une  partie  de  Tannee,  il  y 
a  des  tems  ou  cette  ville  se  trouve  sans  farine,  et  j'ai  vu  la 
garnison  en  1730,  oblige  de  faire  venir  du  pain  de  Saint-Omer, 
au  lieu  qu'en  se  servant  du  flux  et  reflux  de  la  mer,  on  pour- 
rait  construire  autant  de  moulins  a  eau  que  I'on  voudroit :  il 
yad'autres  villes  dans  le  voisinage  de  la  mer  sujettes  au 
meme  inconvenient,  parcequ'apparemment  elles  ignorent  le 
naoyen  d'y  remedier."  . 
Mills  to  be  worked  by  the  rising  and  falling  of  the  tide, 
[      admit  of  great  variety  in  the  essential  parts  of  their  con- 
struction ;  but  this  variety  may  perhaps  be  reduced  to  four 
general   heads,  according  to  the  manner  of  action    of  the 
water-wheel.     1.  The  water-wheel  may  turn  one  way  when 
the  tide  rises,  and  the  contrary  when  it  falls.     2.  The  water- 
wheel    may    be    made    to    turn    always    in    one   direction. 
^'  The  water-wheel  may  fall  and  rise  as  the  tide  ebbs  and 
flows.     4.  The  axle  of  the  water-wheel  may  be  so  fixed  as 
that  it  shall  neither  rise  nor  fall,  though  the  rotatory  motion 
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•hall  be  given  to  the  wheel,  while  at  one  time  it  is  only 
partly,  at  another  completely,  immersed  in  the  fluid.  In  the 
mills  we  have  examined,  says  Dr.  Gregory,  the  first  and  third  of 
these  divisions  have  been  usually  exemplified  in  one  machine ; 
and  the  second  and  fourth  may  readily  be  united  in  another : 
we  shall,  therefore,  speak  of  them  under  two  divisions  only. 

1.  When  the  water-wheel  rises  and  falls,  and  turns  one 
way  with  the  rising  tide,  and  the  contrary  when  it  ebbs.  la 
order  to  explain  the  nature  of  this  species  of  tide-mills,  we 
shall  describe  one  which  has  lately  been  erected  on  the  right 
bank  of  the  Thames,  at  East-Greenwich,  under  the  direction 
of  Mr.  John  Lloyd,  an  ingenious  engineer  of  Brewer^s-green, 
Westminster. 

This  mill  is  intended  to  grind  corn,  and  works  eight  pair 
of  stones.  The  side  of  the  mill-house  parallel  to  the  course  of 
the  river,  measures  40  feet  within ;  and  as  the  whole  of  this 
may  be  opened  to  the  river  by  sluice-gates,  which  are  carried 
down  to  the  low  water-mark  in  the  river,  there  is  a  40  feet 
waterway  to  the  mill:  through  the  waterway  the  water 
presses  during  the  rising  tide  into  a  large  reservoir,  which 
occupies  about  four  acres  of  land ;  and  beyond  this  reservoir 
is  a  smaller  one,  in  which  water  is  kept,  for  the  purpose  of 
being  let  out  occasionally  at  low  water  to  cleanse  the  whole 
works  from  mud  and  sediment,  which  would  otherwise,  in 
time,  clog  the  machinery. 

The  water-wheel  has  its  axle  in  a  position  parallel  to  the 
side  of  the  river,  that  is,  parallel  to  the  sluice-gates  which 
admit  water  from  the  river ;  the  length  of  this  wheel  is  26 
feet,  its  diameter  11  feet,  and  its  number  of  float-boards  32. 
These  boards  do  not  each  run  on  in  one  plane  from  one  end  of 
the  wheel  to  the  other,  but  the  whole  length  of  the  wheel  is  di* 
vided  into  four  equal  portions,  and  theparts  of  the  float-boards, 
belonging  to  each  of  these  portions,  tall  gradually  one  lower 
than  another,  each  by  one-fourth  of  the  distance  from  one  board 
to  another,  measuring  on  the  circumference  of  the  wheel. 

This  contrivance,  which  will  be  better  understood  by  refer- 
ring to  fig.  104,  is  intended  to  equalize  the  action  of  water  up- 
on the  wheel,  and  prevent  its  moving  by  jerks.  The  wheel  with 
its  incumbent  apparatus,  weighs  about  20  tons,  the  whole  of 
which  is  raised  by  the  impulse  of  the  flowing  tide,  when  ad- 
mitted through  the  sluice-gates.  It  is  placed  in  the  middle  of 
the  waterway,  leavings  passage  on  each  side  of  about  six  feet, 
for  the  water  to  flow  into  the  reservoir,  besides  that  which,  in 
its  motion,  turns  the  wheel  round.  Soon  after  the  tide  has 
risen  to  the  highest,  (which  at  this  mill  is  often  20  feet  above 
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the  low  water-mark,)  the  water  is  permitted  to  run  back 
a^^in  from  the  reservoir  into  the  river,  and  by  this  means  it 

fives  m  rotatory  motion  to  the  water-wheeU  in  a  contrary 
irection  to  that  with  which  it  moved  when  impelled  by  the 
rifling  tide:  the  contrivance  by  which  the  wheel  is  raised  and 
depressed,  and  that  by  which  the  whole  interior  motions  of 
the  mill  are  preserved  in  the  same  direction,  although  that 
in  which  the  water-wheel  moves  is  changed,  are  so  truly  in- 

Senious  as  to  deserve  a  distinct  description,  illustrated  by 
iagrams.  Let,  then,  AB,  (6g.  105,)  be  a  section  of  the 
water-wheel,  1,  2,  3,  4,  5,  &c.  its  floats;  C  D  the  first  cog- 
wheel upon  the  same  axis  as  the  water-wheel;  the  vertical 
shaft  F  £  carries  the  two  equal  wallower-wheels  E  and  F, 
which  are  so  situated  on  the  shaft  that  one  or  other  of  them 
may,  as  occasion  requires,  be  brought  to  be  driven  by  the 
first  wheel  C  D ;  and  thus  the  first  wheel  acting  upon  F  and 
E  at  points  diametrically  opposite,  will,  although  its  own 
motion  is  reversed,  communicate  the  rotatory  motion  to  the 
vertical  shaft  always  in  the  same  direction.  In  the  figure 
the  wheel  £  is  shown  in  geer,  while  F  is  clear  of  the  cog- 
wheel C  D ;  and  at  the  turn  of  the  tide  the  wheel  F  is  let 
into  geer,  and  £  is  thrown  out;  this  is  effected  by  the  lever 
G,  whose  fulcrum  is  at  H,  the  other  end  being  suspended  by 
the  rack  K,  which  has  hold  of  the  pinion  L  on  the  same  axle 
as  the  wheel  M ;  into  this  wheel  plays  the  pinion  N,  the 
winch  O,  on  the  other  end  of  whose  axle,  furnishes  sufficient 
advantage  to  enable  a  man  to  elevate  or  depress  the  wallower- 
wheels,  as  required. 

The  centre  of  the  lever  may  be  shown  more  clearly  by 
fig.  104,  where  a  b  is  sk  section  of  the  lever,  which  is  com- 
posed of  two  strong  bars  of  iron,  as  ab;  there  are  two  steel 
studs  or  pins  which  work  in  the  grooves  of  the  grooved  wheel 
I,  this  wheel  being  fixed  on  the  four  rods  surrounding  the 
shaft,  of  which  three  only  can  be  shown  in  the  figures,  as 
cdc;  the  ends  of  these  are  screwed  fast  by  bolts  to  the 
sockets  of  the  wallower-wheels,  and  they  are  nicely  fitted 
on  the  vertical  shaft,  so  as  to  slide  with  little  friction ;  thus 
the  wallowers  may  be  raised  or  lowered  upon  the  upright 
shaft,  while  the  gudgeon,  on  which  it  turns,  retains  the  same 
position. 

When  the  top  wallower  is  in  geer,  it  rests  on  a  shoulder 
that  prevents  it  from  going  too  far  down ;  and  when  the 
bottom  one  is  in  geer,  there  is  a  bolt  that  goes  through  the 
top  wheel  socket  and  shaft  which  takes  the  weight  from  the 
lever  G,  at  the  same  time  that  it  prevents  much  friction  on 
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the  studs  or  pins  of  the  lever  which  works  in  the  grooved 
wheel  I. 

When  the  tide  is  flowing,  after  the  mill  has  stopped  a  suffi- 
cient time  to  gain  a  moderate  head  of  water,  the  fluid  is  auf- 
fered  to  enter  and  fall  upon  the  wheel  at  the  sluice  Q,  (fig. 
105,)  and  the  tail-water  to  run  out  at  the  sluice  R. 

The  hydrostatic  pressure  of  the  head  of  water  acting  against 
the  bottom  of  the  wheel-frame  S,  and  at  the  same  time  acting 
between  the  folding^gates  T  W,  which  are  thus  converted  into 
very  large  hydrostatic  bellows,  buoys  up  the  wheel  and  framef 
(though  weighing,  as  before  observed,  nearly  20  tons,)  and 
makes  them  gradually  to  rise  higher  and  higher,  so  that  the 
wheel  is  never,  as  the  workmen  express  it,  drowned  in  the 
flowing  water ;  nor  can  the  water  escape  under  the  wheel- 
frame,  being  prevented  by  the  folding-gates,  which  pass  from 
one  end  to  the  other  of  the  wheel.  In  this  way  the  wheel  and 
frame  are  buoyed  up  by  a  head  of  four  feet;  and  the  mill 
works  with  a  head  of  5  or  5i  feet. 

When  the  tide  is  ebbing,  and  the  water  from  the  reservmr 
running  back  again  into  the  river,  it  might,  perhaps,  be  ex- 
pected that  in  consequence  of  the  gradual  subsiding  of  the 
water,  the  water-wheel  should  as  gradually  lower ;  but  lest 
any  of  the  water  confined  between  the  wheel-frame  at  S,  and 
the  folding-gates  T  W,  should  prevent  this,  there  are  strong 
rackworks  of  cast-iron,  by  which  the  wheel-frame  can  be  either 
suspended  at  any  altitude,  or  gradually  let  down  so  as  to  give 
the  water  returning  from  the  reservoir  an  advantageous  head 
upon  the  wheel ;  then  the  sluice  R  is  shut,  and  V  opened  as 
well  as  X,  the  water  entering  at  X  to  act  upon  the  wheel,  and 
flowing  out  at  R.  The  upper  surface  of  the  wheel-frame  is 
quadrangular,  and  at  each  angle  is  a  strong  cast-iron  bar, 
which  slides  up  and  down  in  a  proper  groove,  that  admits  of 
the  vertical  motion,  but  prevents  all  such  lateral  deviation  as 
might  be  occasioned  by  the  impulsion  of  the  stream. 

At  each  end  of  the  water-wheel  there  is  a  vertical  shaft, 
with  wallowers  and  a  first  cog-wheel,  as  F  £,  and  C  D  ;  and 
each  of  these  vertical  shafts  turns  a  large  horizontal  wheel 
at  a  suitable  distance  above  the  wallowers,  while  each  hori- 
zontal wheel  drives  four  equal  pinions  placed  at  equal  or 
quadrantal  distances  on  its  periphery,  each  pinion  having  a 
vertical  spindle,  on  the  upper  part  of  which  the  upper  mill- 
stone of  its  respective  pair  is  fixed.  Other  wheels,  driven  by 
one  or  other  of  these  pinions,  giving  motion  to  the  bolting 
and  dressing  machines,  and  diffierent  subordinate  parts  of  the 
mill. 
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AlduMigli  tbe  vertical  shaft  at  each  end  of  the  water-wheel 
ffieea  iwd  falls  wilh  that  wheel,  yet  the  large  horizontal  wheel 
luaipg  with  such  shdft  does  not  likewise  rise  and  fall,  but 
!»■  litis  always  iii  the  same  horizontal  plane,  and  in  contact 
whii  the  four  pinions  it  drives.  The  contrivance  for  this 
ptopose  is  very  simple,  but  very  efficacious ;  each  great  ho* 
lizontal  wheel  has  a  nave,  which  runs  upon  friction-rollerSji 
^■d  liM  a  square  aperture  passing  through  it  vertically,  just 
larpe  enough  to  allow  the  shaft  P  to  slide  freely  up  and  down 
istt^  but  not  ta  turn  round  without  communicating  its  rota* 
tmtj  motioo  to  the  wheel;  thus  the  weight  of  the  wheel  causes 
k  to  press  upon  the  frictioo  rollers,  and  retain  the  same  ho« 
liaontal  plaaes,  and  the  action  of  the  angles  of  the  vertical 
ahnft  upra  the  corresponding  parts  of  the  square  orifice  in  the 
■nve  causes  it  to  partake  of  the  rotatory  motion,  such  motion 
being  always  in  one  direction,  in  consequence. of  the  con* 
frtvmnce  by  which  one  or  other  of  the  wallowers  £  F  is 
faraugfatinto  contact  with  the  opposite  points  of  the  first  cog* 

Several  of  the  subordinate  parts  of  this  mill  are  admira« 
htf  i^mstructed;  but  we  can  only  nodce  here  the  means  by 
which  tile  direction  of  Ae  motion  in  the  dressing  and  bolt* 
nsg  machines-  may  be  varied  at  pleasure.  On  a  vertical 
shaft  are  fixed,  at  the  distance  of  about  15  or  18  inches,  two 
equal  cog«wheek,  and  another  toothed-wheel,  attached  to  a 
horixooml  axle,  is  made  so  as  to  be  movable  up  and  down  by 
a  screw,  and  thus  brought  into  contact  with  either  the 
upper  or  lower  of  the  two  cog-wheels  on  the  vertical  shaft ; 
thus,  it  is  manifest,  the  motion  is  reversed  with  great  faci- 
lity by  changing  the  position  of  the  horizontal  axle  so  that 
the  wheel  upon  it  may  be  driven  by  the  two  cog-wheels 
alternately.  A  wheel  and  pinion  working  at  the  other  end 
of  the  horizontal  axle  will  communicate  the  motion  to  the 
dressing  machines. 

Mr.  W.  Dryden,  Mr.  Lloyd's  foreman,  employed  in  the 
erection  of  this  mill,  suggests  that  a  nearly  similar  mode 
may  be  advantageously  adopted  in  working  dressing  ma- 
chines in  wind-mills ;  three  wheels,  all  of  different  diameters, 
may  be  employed,  two  of  them,  as  A  and  C,  turning  upon  a 
vertical  shaft,  and  the  third,  B,  upon  an  inclined  one.  In 
fig.  106,  the  wheels  A  and  B  are  shown  in  geer,  while  C  is 
out;  and  if  A  be  struck  out  by  some  such  contrivance  as  is 
adopted  with  regard  to  the  first  cog-wheel  and  wallowers, 
(fig^  104  and  105,)  C  would  come  in  contact  with  B,  while  A 
would  he  free,  and  so  communicate  a  motion  to  B  the  reverse 
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way.  By  this  contrivance  it  would  be  easy,  when  the  winds 
are  strong  and  give  a  rapid  motion  to  the  vertical  axle,  to 
bring  C  to  drive  B,  the  wheel  on  the  axle  of  the  dressing- 
machines  ;  and  on  the  contrary,  when  the  wind  is  slack,  and 
the  consequent  motion  of  the  machinery  slow,  let  C  be  thrown 
out  of  geer,  and  the  wheel  B  driven  by  the  larger  wheel  A, 
as  shown  in  the  figure. 

We  should  have  been  glad  to  see  adopted  in  this  well-con- 
structed mill,  a  contrivance,  recommended  and  pursued  by 
the  American  mill-wrights,  for  raising  the  ground  com  to  the 
cooling-boxes  or  beaches  from  which  it  is  to  be  conveyed  in- 
to the  bolting-machine.  In  this  mill,  as  in  all  we  have  seen, 
the  corn  is  put  into  bags  at  the  troughs  below  the  mill-stones, 
and  thence  raised  to  the  top  of  the  mill-house  by  a  rope  fold- 
ing upon  barrels  turned  by  some  of  the  interior  machinery 
of  the  mill.  In  the  American  method,  a  large  screw  is 
placed  horizonully  in  the  trough  which  receives  the  flour 
from  the  mill-stones.  The  thread  or  spiral  line  of  the  screw 
is  composed  of  pieces  of  wood  about  two  inches  broad  and 
three  long,  fixed  into  a  wooden  cylinder  seven  or  eight  feet 
in  length,  which  forms  the  axis  of  the  screw.  When  the 
screw  is  turned  round  this  axis,  it  forces  the  meal  from  one 
end  of  the  trough  to  the  other,  where  it  falls  into  another 
trough,  from  which  it  is  raised  to  the  top  of  the  mill-house 
by  means  of  elevators,  a  piece  of  machinery  similar  to  the 
chain-pump.  These  elevators  consist  of  a  chain  of  buckets,  or 
concave  vessels,  like  large  tea-cups,  fixed  at  proper  distances 
upon  a  leathern  band,  which  goes  round  two  wheels,  one  of 
which  is  placed  at  the  top  of  the  mill-house,  and  the  other  at 
the  bottom,  in  the  meal-trough.  When  the  wheels  are  put  in 
motion,  the  band  revolves,  and  the  buckets,  dipping  into  the 
meal-trough,  convey  the  flour  to  the  upper  story,  where  they 
discharge  their  contents.  The  band  of  buckets  is  enclosed 
in  two  square  boxes,  in  order  to  keep  them  clean,  and  pre- 
serve them  from  injury. 

We  shall  now  proceed, 

2.  To  tide-mills,  in  which  the  axle  of  the  water-wheel  nei- 
ther rises  nor  falls,  and  in  which  that  wheel  is  made  always 
to  revolve  in  the  same  direction.  A  water-wheel  of  this  kind 
must,  manifestly,  at  the  time  of  high-tide,  be  almost,  if  not 
entirely,  immersed  in  the  fluid ;  and  to  construct  a  wheel  to 
work  under  such  circumstances  is,  obviously,  a  matter  which 
requires  no  small  skill  and  ingenuity. 

The  first  persons  who  devised  a  wheel  which  might  be 
turned  by  the  tide,  when  completely  immersed  in  it,  were 
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Messn.  Goaset  and  De  la  Deoille.  Theii-  wheel  is  described 
by  Belidor  in  neariy  the  following  terms.  Suppose  G  H 
0j[,  107,)  to  denote  the  surface  of  the  water  at  hign-tide,  the 
kne  L  M  the  surface  at  low  water,  and  that  the  current  fol- 
lows Ae  direction  of  the  arrow  N ;  the  problem  is  to  construct 
die  wheel  so  that  it  may  always  turn  upon  its  axis  I  K. 
The  figure  just  referred  to  is  a  profile  of  an  assemblage  of 
carpentry,  which  must  be  repeated  several  times  along  the 
aroor,  according  to  the  length  which  it  is  proposed  to  give  to 
the  float-boards;  and  the  planks  or  plates  which  compose 
Aese  floats,  must  be  hung  to  dM  other  parts  of  the  frame  by 
M  many  joints  as  are  necessary,  to  enable  them  to  sustain 
die  impulse  of  the  water  without  bending.  The  sole  pecu- 
liarity of  this  wheel  consists  in  hanging  upon  the  transverse 
beams  in  the  frame-work,  by  hinges,  the  planks  which  are  to 
compose  the  float-boards;  so  that  they  may  present  them- 
selves in  face,  as  D,  D,  D,  when  they  are  at  the  bottom  of  the 
wheels  to  receive  the  full  stroke  of  the  stream ;  and,  on  the 
contrary,  they  present  only  their  edges,  as  A,  A,  A,  when 
.  they  are  brought  towards  the  summit  of  the  wheel ;  hence, 
die  water  having  a  fer  greater  effect  upon  the  lower  dian  the 
upper  parts  of  die  wheel,  compels  it  to  revolve  in  the  order 
01  die  letters;  instead  of  which,  if  the  float-boards  were 
fiaced  as  in  the  usual  way,  the  impulse  of  the  fluid  upon  the 
wheel  would  be  nearly  the  same  in  all  its  parts,  and  it  would 
remain  immovable. 

We  see,  at  once,  that  the  boards  D,  D,  D,  having  moved 
towards  M,  then  begin  to  float,  as  at  £,  £,  E,  and  more  still 
at  F,  F,F,  but  that  it  is  not  till  they  arrive  at  A,  A,  A,  that 
they  attain  the  horizontal  position ;  after  that,  having  arrived 
at  B,B,B,  they  begin  to  drop  towards  the  beams  to  which 
ihey  are  hooked,  and  as  soon  as  they  have  passed  the  level  of 
the  axle  I K,  the  stream  commences  its  full  action  upon  them, 
which  it  attains  completely  between  C,  C,  C,  and  E,  E,  E,  and 
this,  whether  the  surface  of  the  water  be  at  G  H  or  at  L  M ; 
for  even,  in  the  latter  case,  it  is  manifest  that  the  float-boards 
are  entirely  immersed  when  in  the  vertical  position  P  Q.  Be- 
fidor  says,  he  was  present  at  the  first  trial  of  such  a  wheel  at 
Paris,  and  that  it  was  attended  with  all  the  success  that  could 
be  desired. 

A  water-wheel  has  been  lately  invented  by  Mr.  Dryden, 
which  will  work  when  nearly  immersed  in  the  water  of  a 
flowing  tide.  Fig.  108  is  an  elevation  of  this  wheel,  its  upper 
parts  being  supposed  to  stand  a  foot  or  two  higher  than  the 
tide  ever  rises ;  the  axis  of  this  wheel  remains  always  in  one 
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place,  and  the  wheel  will  work  at  high-water  when  the  head 
18  at  B,  and  the  tail-water  at  the  dotted  line  A ;  it  vrill  alto 
perform  nearly  the  same  work  when  the  head  is  at  C,  and  the 
tail-water  level  with  the  bottom  of  the  wheel.  The  floats 
are  all  set  at  one  and  the  same  angle,  with  the  respective 
radii  of  the  wheel,  as  may  be  seen  in  the  figure,  and  are  made 
so  as  to  have  an  opening  of  at  least  an  inch  between  each 
float  and  the  drum-boarding  of  the  wheel.  This  opening  is 
intended  to  prevent  the  wheel  from  bein?  impeded  by  the 
tail-water;  for  as  the  bucket  rises  out  of  the  water,  there 
can  be  no  vacuum  formed  in  it,  there  being  a  full  supply  of 
air,  in  consequence  of  which  the  water  leaves  the  wheel  dc* 
liberately.  The  case  is  different  with  regard  to  wheels  made 
in  the  common  way ;  for  if  such  are  open  wheels,  the  floats 
are  made  in  such  a  manner  as  to  throw  the  tail-water  if  they 
are  immersed  any  depth  in  it ;  or,  if  they  are  close,  the  wheel 
wants  proper  vent  for  the  air  to  prevent  the  formation  of  a 
vacuum  in  the  rising  bucket,  or  what  is  called  by  the  miller 
*^  sucking  up  the  tail-water."  At  D  is  planking  made  cir- 
cular to  fit  the  wheel  pretty  close  for  rather  more  than  the 
Sace  of  two  floats,  so  as  to  confine  the  water  nearly  close  to 
e  wheel.  E,  F,  G,  H,  are  sluices  which  are  all  connected 
together  by  the  iron  bar  I,  and  lifted  with  the  assistance  of 
the  wheel,  two  pinions,  and  a  winch,  the  first  pinion  working 
into  the  rack  K ;  these  sluices  are  merely  for  stopping  the 
wheel  when  occasion  requires,  although  one  might  be  suffi- 
cient to  supply  the  wheel.  The  rings  of  this  wheel  may  be 
made  either  of  cast-iron  or  of  wood ;  the  floats  may  be  iron 
plates  rivetted  together.  The  flanches  on  the  arms  of  the 
wheel,  exhibited  in  the  sketch,  are  intended  to  facilitate  the 
fixing  of  the  first  cog-wheels  ;  the  ring  of  the  wheel  may  be 
fixed  to  the  flanches  at  the  extremity  of  the  arms,  and  the 
large  flanch  made  fast  to  the  axle  will  receive  the  middle  part 
of  the  wheel. 

Fig.  109  is  a  plan  of  the  house  in  which  either  of  the  two 
latter  wheels  may  be  fixed,  showing  in  what  manner  the 
water  may  be  conveyed  always  on  one  side  of  the  wheel  by 
the  assistance  of  the  four  gates  A,  B,  C,  and  D.  When  the 
mill  is  working  from  the  river,  A  and  B  are  open,  the  arrows 
point  out  the  way  the  water  runs  from  the  river  to  the  basin; 
and  the  dotted  lines  on  the  contrary  the  course  from  the  basin 
to  the  river,  when  A,  B,  are  shut,  and  C,  D,  opened.  These 
gates  are  made  to  turn  on  an  axle,  which  is  about  six  inches 
from  the  middle  of  the  gate,  and  on  the  top  of  the  axle  is  a 
half-wheel;   by  some  crane-work   connected  to  it,  the  gate 
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tan  be  opened  or  shut  at  pleasure;  when  a  head  of  water 
>  presses  against  the  gates  they  will  open  great  part  of  the  way 
of  themselves,  by  only  letting  the  catches  that  keep  them  shut 
be  lifted  out  of  their  place.  X,  Y,  are  two  knees  of  cast-iron, 
to  support  the  posts  tnat  the  gates  are  fixed  to.  The  walls  of 
the  building  are  represented  at  a,  &,  c,  and  d. 

The  reader  will  now  be  able  to  form  an  estimate  of  the 
comparative  value  and  ingenuity  of  the  two  kinds  of  tide- 
mills  here  described.    The  simpucity  of  construction  of  the 
j||wel8  of  Gosset,  De  la  Deuille,  and  Dryden,  recommend 

'  J  8troii|^ ;  but  we  entertain  some  doubts  of  their  being 

jipletelj  aiiccessful  in  practice:  had  the  curious  wheel,  with 
0t  loldtBg^^tes,  &c.  fig.  1(H  and  106,  been  placed  with  its  axle 
,|prpendiGukir,  instead  of  parallel,  to  the  course  of  the  river, 
me  water  might  then  have  always  been  admitted  to  act  upon 
the  same  side  of  it,  and  the  hycbostatic  pressure  would  have 
operated  as  completely  in  lowering  it  continually  during  the 
l^me  of  ebb,  as  in  raising  it  continually  during  the  rising  of 
the  tide ;  thus,  as  appears  to  us,  would  the  labour  of  a  man 
be  saved,  who,  according  to  the  present  construction,  must 
attend  the  water-wheel;  and  all  the  additional  apparatus  now 
requisite  to  shift  the  spur-wheels,  would  at  the  same  time  be 
lavedy  and  a  consequent  diminution  of  original  expense.  Dr. 
Gregory^s  Mechanics^  vol.  ii. 

In  selecting  a  site  for  the  erection  of  a  mill,  the  engineer 
must  be  careful  not  to  make  choice  of  a  spot  that  is  liable  to 
be  flooded.  When  the  water  in  the  mill-tail  will  not  run  oiF 
freely,  but  stands  pent  up  in  the  wheel-race,  so  that  the 
wheel  must  work  or  row  in  it,  the  wheel  is  said  to  be  tailed, 
or  to  be  in  back-water  or  tail-water ;  which  greatly  impedes 
the  velocity  of  the  wheel,  and,  if  the  flood  be  great,  completely 
stops  it. 

Every  miU  that  is  well  and  properly  constructed,  will  clear 
itself  of  a  considerable  depth  of  tail-water,  provided  there  is, 
at  the  time,  an  increase  in  the  height  of  the  water  in  the 
mill-dam  or  head,  and  an  unlimited  quantity  of  water  to  draw 
upon  the  wheel.  Common  breast-mills  will  bear  two  feet  of 
tail-water,  when  there  is  an  increase  of  head,  and  plenty  of 
water  to  be  drawn  upon  the  wheel,  without  prejudice  to  their 
performance  ;  and  mills  that  are  well  constructed,  with  slow 
moving  wheels,  will  bear  three  and  even  four  feet  and  up- 
wards of  tail-water.  Mr.  Smeaton  mentions  having  seen  an 
instance  of  six  feet;  and  it  is  a  common  thing  in  level  coun- 
tries, where  tail-water  is  most  annoying,  to  lay  the  wheel 
from  six  to  twelve  inches  below  the  water's  level  of  the 
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pond  below,  in  order  to  increase  the  fall  of  water;  and,  if 
judiciously  applied,  is  attended  with  good  effect,  as  it  i%« 
cceases  the  diameter  of  the  wheel,  and  tnough  it  must  alwm 
work  in  that  depth  of  uul-water,  it  will  perform  fall  as  wdl, 
because  the  water  ought  to  run  off  from  the  bottom  of  the 
wheel,  in  the  same  direction  as  the  wheel  turns. 

ON  THE   CONSTRUCTION  Or  THE  WHEEL-RACE    AND 

WATER-COURSE. 

The  wheel-race  should  always  be  built  ii^-f  •fttbstuitisl 
manner  with  masonry,  and  if  the  stones  ^^^JkA^  Romaii 
cement,  it  will  be  much  better  than  commoiijjM^nr.  The 
earth,  behind  the  niasoiirvv  should  be  very  solKMmFif  it  & 
not  naturally  so,  it  shoiild  be  hard  rammed  and^puddfed,  to, 
prevent  percolation  of  the  water.  This  applies  more  pard* 
cularly  to  breast-^eels,  in  which  the  water  of  the  daa  cr 
reservoir  is  usually  immediately  belynd  the  wall  or  breast  ia 
which  the  wheel  works,  a  doping  apron  of  earth  being  hidH 
from  the  wall  in  the  dam  to  prevent  the  water  leaking.  The 
wall  of  the  breast  should  have  pile  planking  driven  Detleatl^ 
to  prevent  the  water  from  getting  beneath,  because  that  wi^ 
Uow  up  the  foundation  of  the  race.  The  stones  of  die  race 
are  hewn  to  a  mould,  and  laid  in  dieir  places  with  great  cars  f 
but  afterwards,  when  the  side-walls  are  finished,  and  d|e:avs 
of  the  wheel  placed  in  its  bearings,  a  gauge  is  attached  to  It 
and  swept  round  the  curve,  and  by  this  the  breast  is  dressed 
smooth,  and  hewn  to  an  exact  arch  of  a  circle ;  the  side-walls, 
in  like  manner,  are  hewn  flat  and  true  at  the  place  where  the 
float-boards  are  to  work.  It  is  usual  to  make  the  space  be- 
tween the  side-walls  two  inches  narrower  at  each  side,  in  the 
circular  part  where  the  float  acts,  than  in  the  other  parts. 

In  some  old  milts  the  breast  is  made  of  wood  planking, 
but  thb  method  has  so  litde  durability  that  it  cannot  be 
recommended. 

In  modem  mills,  the  breast  is  lined  with  a  cast-iron  plate, 

byt  we  do  not  approve  of  this,  because  It  is  next  to  impossible 

to  prevent  some  small  leakage  of  water  through  the  masonry; 

aad  this  water,  being  confined  behind  the  iron  breast,  cannot 

escape,  but  its  hydrostatic  pressure  to  force  up  the  iron  it 

enormous ;  and  if  the  water  can  ever  insinuate  itkelf  behind 

the  whole  surface  of  the  plate,  rarely  fails  to  break  it,  if  not 

to  blow  it  up  altogether.     This  is  best  guarded  against  by 

alung  deep  ribs  projecting  from  the  back  of  the  plate,  and 

dding  them  with  great  care  in  the  masonry;   these  not 

ly  strengthen  the  plate,  but  also  cut  off  the  communicatton 
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tof  the  water,  so  that  it  cannot  act  upon  larger  surfaces  at  once, 
than  the  strength  and  weight  of  the  plate  can  resist.  Stone 
19  undoubtedly  the  best  materials  for  a  breasting.  In  over^ 
ahot-wheels  the  loss  of  water,  by  running  out  of  the  buckets 
as  they  approach  the  bottom  of  the  wheel,  may  be  considera- 
bly diminished  by  accurately  forming  a  sweep  or  casing 
round  the  lower  portion  of  the  wheel,  so  as  to  prevent  the 
immediate  escape  of  the  water,  and  causing  it  to  act  in  the 
manner  of  a  breast-wheel.  While  this  improvement  remains 
in  good  condition,  and  the  wheel  works  truly,  it  produces  a 
very  sensible  effect ;  but  it  is  frequently  objected  to,  because 
a  suck  or  a  stone  falling  into  the  wheel  would  be  liable  to 
tear  off  part  of  its  shrouding,  and  damage  the  buckets ; 
and  again,  a  hard  frost  frequently  binds  all  fast,  and  totally 
prevents  the  possibility  of  working  during  its  continuance  ; 
but  we  do  not  think  the  latter  a  great  objection,  for  the 
water  is  not  more  liable  to  freeze  there  than  in  the  buckets, 
or  in  the  shuttle,  and  may  be  prevented  by  the  same  means, 
'viz.  by  keeping  the  wheel  always  in  motion,  a  very  small 
stream  of  water  left  running  all  night  will  be  sufficient.  Mr. 
Smeaton  always  used  such  sweeps,  and  with  very  good  effect ; 
it  is  certainly  preferable  to  any  intricate  work  in  the  form  of 
the  buckets. 

Mitl'Courses, — As  it  is  of  the  highest  importance  to  have 
the  height  of  the  fall  as  great  as  possible,  the  bottom  of  the 
canal  or  dam  which  conducts  the  water  from  the  river  should 
have  a  very  small  declivity;  for  the  height  of  the  water-fall 
will  diminish  in  proportion  as  the  declivity  of  the  canal  is 
increased ;  on  this  account,  it  will  be  sufficient  to  make  A  B, 
fig.  100,  slope  about  one  inch  in  200  yards,  taking  care  to 
make  the  declivity  about  half  an  inch  for  the  first  48  yards, 
in  order  that  the  water  may  have  a  velocity  sufficient  to  pre- 
vent it  from  flowing  back  into  the  river.  The  inclination  of 
the  fall,  represented  by  the  angle  G  C  R,  should  be  25°  50'; 
or  CR,  the  radius,  should  be  to  G  R,  the  tangent  of  this 
angle,  as  100  to  48,  or  as  25  to  12;  and  since  the  surface 
of  the  water  S  ^  is  bent  from  a  b  into  a  c,  before  it  is  pre- 
cipitated down  the  fall,  it  will  be  necessary  to  incurvate  the 
upper  part  B  C  D  of  the  course  into  B  D,  that  the  water  at 
the  bottom  may  move  parallel  to  the  water  at  the  top  of  the 
stream.  For  this  purpose,  take  the  points  B,  D,  about  12 
inches  distant  from  C,  and  raise  the  perpendiculars  B  E, 
D  E  ;  the  point  of  intersection  E  will  be  the  centre,  from 
which  the  arch  B  D  is  to  be  described ;  the  radius  being  about 

1(3^  inches. 
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Now,  in  order  that  the  water  may  act  more  advantageously 
upon  the  float-boards  of  the  wheel  W  W,  it  must  assume  a 
horizontal  direction  H  K,  with  the  same  velocity  which  it 
would  have  acquired  when  it  came  to  the  point  G:  but,  in 
falling  from  C  to  G,  the  water  will  dash  upon  the  horizontal 
part  H  G,  and  thus  lose  a  great  part  of  its  velocity ;  it  will 
be  proper,  therefore,  to  make  it  move  along  F  H,  an  arch  of 
a  circle,  to  which  D  F  and  K  H  are  tangents  in  the  points  F 
and  H.     For  this  purpose,  make  G  F  and  G  H  each  equal  to 
three  feet,  and  raise  the  perpendiculars  HI,  F I,  which  will 
intersect  one  another  in  the  points  I,  distant  about  four  feet 
nine   inches  and  -n^ths  from  the  points  F  and  H,  and  the 
centre  of  the  arch  F  H  will  be  determined.    The  distance 
H  K,  through  which  the  water  runs  before  it  acts  upon  the 
wheel,  should  not  be  less  than  two  or  three  feet,  in  order  that 
the  different  portions  of  the  fluid  may  have  obtained  a  hori- 
zontal direction  ;  and  if  H  K  be  much  larger,  the  velocity  of 
the  stream  would  be  diminished  by  its  friction  on  the  bottom 
of  the  course.    That  no  water  may  escape  between  the  bot- 
tom of  the   course   K  H   and  the  extremities  of  the  float- 
boards,  K  L  should  be  about  three  inches,  and  the  extremi^ 
0  of  the  float-board  n  0,  should  be  beneath  the  line  H  K  3^ 
sufficient  room  being  left  between  0  and  M  for  the  plajr  of 
the  wheel,  or  K  L  M  may  be  formed  into  the  arch  of  a  circle 
K  M,  concentric  with  the  wheel.    The  line  L  M  V^  called 
by  M.  Fabre  the  course  of  impulsion,  (le  coursier  d'impulsion,) 
should  be  prolonged,  so  as  to  support  the  water  as  long  as  it 
can  act  upon  the  float-boards,   and   should   be   about   nine 
inches  distant  from  O  P,  a  horizontal  line  passing  through  O, 
the  lowest  point  of  the  fall;   for  if  O  L  were  much  less  than 
nine  inches,  the  water,  having  spent  the  greater  part  of  its 
force  in  impelling  the  float-boards,  would  accumulate  below 
the  wheel  and  retard  its  motion.     For  the  same  reason,  an-- 
other  course,  which  is  called  by  M.  Fabre  the  course  of  dis- 
charge, (Ic  coursier  de  decharge,)  should  be  connected  witt&. 
L  M  V  by  the  curve  V  N,  to  preserve  the  remaining  vclocitjr" 
of  the  water,  which  would  otherwise  be  destroyed  by  falling 
perpendicular  from  V  to  N.     The  course  of  discharge  is  re- 
presented by  V  Z,  sloping  from  the  point  O.     It  should  b^ 
about  10  yards  long,  having  an  inch  of  declivity  in  every  two 
yards.     The   canal,  which   reconducts   the   water  from  th^ 
course    of  discharge   to  the  river,  should  slope  about  fouir 
inches  in  the  first  200  yards,  three  inches  in  the  second  20Ct 
yards,  decreasing  gradually  till  it  terminates  in  the  river.  But 
if  the  river,  to  which  the  water  is  conveyed,  should,  when 
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QUen  by  the  rains,  force  the  water  back  upon  the  wheel,  the 
caaalmust  have  a  greater  declivity,  in  order  to  prevent  this  from 
ttikiog  place.  Hence  it  will  be  evident  that  very  accurate  level- 
ling is  necessary  for  the  proper  formation  of  the  mill-coursct* 

OK  SETTING  OUT  WATER-COURSES  AND  DAMS. 

The  most  ancient  mills  were  undershot-wheels  placed  in 
die  current  of  an  open  river,  the  building  containing  the  mill 
being  set  upon  piles  in  the  river.  It  would  soon  be  observed 
diat  the  power  of  the  mill  would  be  greatly  increased  if  all  the 

am  of  the  river  was  concentrated  to  the  wheel,  by  making  an 
troctioQ  across  the  river  which  penned  up  the  water  to  a 
reqoired  height;  and  also  to  form  a  pool  or  reservoir  of  water. 
A  sluice  or  shuttle  would  then  Ibcome  necessary  to  regulate 
the  admission  of  water  to  the  wheel,  and  other  sluices  would 
be  necessary  to  allow  the  water  to  escape  in  times  of  floods ; 
fot  ^ough  in  ordinary  times  the  water  would  run  over  the 
top  of  the  obstruction  or  dam,  yet  a  very  great  body  of  water 
running  over  might  carry  away  the  whole  work,  by  washing 
away  the  earth  at  the  foot  of  the  dam,  and  then  overturning 
it  into  the  excavation.  This  is  an  accident  which  frequently 
happens  to  mi  lis  so  situated ;  and  the  danger  is  so  obvious,  that 
most  water-mills  are  now  removed  to  tne  side  of  the  river, 
and  a  channel  is  dug  from  the  river  to  the  mill  to  supply  it 
with  water,  and  another  to  return  the  water  from  the  mill  to 
the  river.  The  difference  of  level  between  these  two  channels 
is  the  fall  of  water  to  work  the  mill,  and  this  is  kept  up  by 
means  of  a  wear  or  dam  entirely  across  the  river,  but  the  wa- 
ter can  run  freely  over  this  dam  in  case  of  floods,  without  at 
all  affecting  the  mill,  because  the  entrance  to  the  channel  of 
supply  is  regulated  by  sluices  and  side-walls. 

The  dam  should  be  erected  across  the  river  at  a  broad 
part,  where  it  will  pen  up  the  water  so  as  to  form  a  large 
pond  or  reservoir,  which  is  called  the  mill-pond  or  dam-head. 
This  reservoir  is  useful  to  gather  the  water  which  comes 
down  the  river  in  the  night,  and  reserve  it  for  the  next  day's 
consumption ;  or  for  such  mills  as  do  not  work  incessantly, 
but  which  require  more  water,  when  they  do  work,  than  the 
ordinary  stream  of  the  river  can  supply  in  the  same  time. 
The  larger  the  surface  of  the  pond  is,  the  more  efiicient  it  will 
be,  but  depth  will  not  compensate  for  the  want  of  surface,  be- 
cause, as  the  surface  sinks,  when  the  water  is  drawn  off*,  the 
fall  on  descent  of  the  water,  and  consequently  the  power  of 
the  water,  diminishes. 

The  dam  for  a  large  river  should  be  constructed  with  the 
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Utmost  solidit}" ;  wood  framing  is  very  commonly  used,  but 
masonry  is  preferable.  Great  care  must  be  taken,  by  driving 
pile  planking  under  the  dam,  to  intercept  all  leakage  of  the 
water  beneath  the  ground  under  the  dam,  as  that  loosens  the 
earth,  and  destroys  the  foundation  imperceptibly,  when  a 
violent  flood  may  overthrow  the  whole.  It  is  a  common 
practice  to  place  the  dam  obliquely  across  the  river,  with  a 
view  of  obtaining  a  greater  length  of  wall  for  the  water  to  run 
over,  and  consequently  prevent  its  rising  to  so  great  a  height, 
in  order  to  give  vent  to  the  water  of  a  flood.  But  this  is 
very  objectionable,  because  the  current  of  water  constantly 
running  over  the  dam,  always  acts  upon  the  shore  or  banlrof 
the  river  at  one  point,  and  will  in  time  wear  it  away,  if  not 
prevented  by  expensive  woAs.  This  difliculty  is  obviated 
by  making  the  dam  in  two  lengths  which  meet  in  an  angle  >, 
the  vertex  pointing  up  the  stream.  In  this  way  the  currents 
of  water,  coming  from  the  two  opposite  parts  of  the  dam, 
strike  together,  and  spend  their  force  upon  each  ofher, 
without  injuring  any  part.  A  still  better  form  is  a  segment 
of  a  circle,  which  has  the  additional  advantage  of  strength, 
because  if  the  abutments  at  the  banks  of  the  river  are 
firm,  the  whole  dam  becomes  like  the  arch  of  a  bridge  laid 
down  horizontally.  This  was  the  form  generally  used  by  Mr. 
Smeaton. 

The  foot  of  the  dam  where  the  water  runs  down  should  be 
a  regular  slope  with  a  curve,  so  as  to  lead  the  water  down 
regularly ;  and  this  part  should  be  evenly  paved  with  stone, 
or  planked,  to  prevent  the  water  from  tearing  it  up  when  it 
moves  with  a  great  velocity. 

When  the  fall  is  considerable,  it  may  be  divided  into  more 
than  one  dam  ;  and  if  the  lower  dam  is  made  to  pen  the  water 
upon  the  foot  of  the  higher  dam,  then  the  water  running 
over  the  higher  dam,  will  strike  into  the  water,  and  lose  its 
force.  There  is  nothing  can  so  soon  exhaust  the  force  of 
rapid  currents  of  water,  as  to  fall  into  other  water,  because 
its  mechanical  force  is  expended  in  changing  the  figure  of 
the  water ;  but  when  it  falls  upon  stone  or  wood,  its  force  is 
not  taken  away,  but  only  reflected  to  some  other  part  of  the 
channel,  and  may  be  made  to  act  upon  such  a  great  extent  of 
surface  as  to  do  no  very  striking  injury  at  any  one  time  ;  but 
by  degrees  it  wears  away  the  banks,  and  requires  constant 
repairs:  for  it  is  demonstrable,  that,  as  much  of  the  force  of 
the  water  as  is  not  carried  away  by  the  rapid  motion  with 
which  it  flows,  after  passing  the  dam,  must  be  expended 
either  in   changing  the  figure  of  the  water,  or  in  washing 
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mwmy  the  banks,  or  in  the  friction  of  the  urater  running  over 
the  bottom. 

The  cotton-works  of  Messrs.  Strutt,  at  Belper,  in  Derby- 
shire, are  on  a  large  scale,  and  the  most  complete  we  have 
ever  seen,  in  their  dams  and  water-works.  The  milts  are 
tomed  by  the  water  of  the  river  Derwent,  which  is  very  sub- 
ject to  floods.  The  great  wear  is  a  semicircle, *built  ot  very 
substantial  masonry,  and  provided  with  a  pool  of  water  below 
it,  into  which  the  water  falls.  On  one  side  of  the  wear  are 
three  sluices,  each  20  feet  wide,  which  are  drawn  up  in 
floods,  and  allow  the  water  to  pass  sideways  into  the  same 
pool ;  and  on  the  opposite  side  is  another  such  sluice,  22  feet 
wide.  The  water  is  retained  in  the  lower  pool  by  some  ob- 
struction which  ft  experiences  in  running  beneath  the  arches 
of  a  bridge ;  but  the  principal  fall  of  the  water  is  broken  by 
falling  into  the  water  of  the  pool,  beneath  the  great  semicir- 
cular wear. 

The  water  which  is  drawn  off  from  the  mill-dam  above  the 
wear,  passes  through  three  sluices,  20  feet  wide  each,  and  is 
iben  distributed  by  different  channels  to  the  mills,  which  are 
'situated  at  the  side  of  the  river,  and  quite  secure  from  all 
floods.  There  are  six  large  water-wheels ;  one  of  them,  which 
is  40  feet  in  breadth,  we  have  mentioned,  from  the  ingenuity  of 
its  construction ;  and  another,  which  is  made  in  two  breadths 
of  15  feet  each,  we  have  also  described.  Thev  are  all  breast- 
wheels.  The  iron-works  of  Messrs.  Walker,  at  Rotherham, 
in  Yorkshire,  are  very  good  specimens  of  water-works ;  as 
also  the  Carron-works  in  Scotland. — Dr.  Rees's  Cyclopxdia 
and  Dr.  Brewster^s  Ferguson. 

PENSTOCK. 

The  following  is  a  description  of  a  pentrough  and  stock  for 
equalizing  the  water  falling  on  water-wheels,  by  Mr.  Quayie. 

To  ensure  a  regular  supply  of  water  on  the  wheel,  and  to 
obviate  the  inconveniencies  arising  from  the  usual  mode  of 
delivering  it  from  the  bottom  of  the  pentrough,  this  method  is 
devised  of  regulating  the  quantity  delivered  by  a  float,  and 
taking  the  whole  of  the  water  from  the  surface. 

Section  of  the  pentrough.  Fig.  99.  A,  the  entrance  of  the 
water;  B,  the  float,  having  a  circular  aperture  in  the  centre, 
in  which  is  suspended  C,  a  cylinder,  running  down  in  the  case 
£  below  the  bottom  of  the  pentrough.  This  is  made  water- 
tight at  the  bottom  of  the  pentrough  at  F,  by  a  leather  collar 
placed  between  two  plates,  and  screwed  down  to  the  bottom. 

The  cylinder  is  secured  to  the  float  so  as  to  follow  its  rise 
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and  fidl ;  and  the  water  is  admitted  into  it  through  th^  opemng^ 
in  its  sides,  and  there,  passing  through  the  box  or  case  E, 
rises  and  issues  at  G  on  the  wheel.  By  this  means,  a  uniform 
quanti^  of  water  is  obtained  at  G ;  wmch  quantity  can  be  in* 
creased  or  diminished  by  the  assistance  of  a  small  rack  and 
pinion  attached  to  the  cylinder,  which  will  raise  or  depress 
the  cylinder  above  or  under  the  water  line  of  the  float;  and^. 
by  raising  it  up  to  the  top,  it  stops  the  water  entirely,  and 
answers  the  purpose  of  the  common  shutde*  This  pinion  ia 
turned  by  the  handle  H,  similar  to  a  winch-handle ;  and  is 
secured  n*om  running  down  by  a  ratchet-wheel  at  die  oppb* 
site  end  of  the  pinion  axis.   - 

K  and  L  are  two  upright  rdda  to  preserve  the  pcrpen^cuhr 
rise  and  sinking  of  tne  float,  ninmng  thrcHigh  the  float,  ani 
secured  at  the  top  by  brackets  from*  the  sides. 

M,  a  board  let  down  across  the  pentrouh  nearly  to  ihe 
bottom,  to  prevent  the  horizontal  impulse  of  the  water  from 
disturbing  the  float. 

Fig.  99.*  A  transverse  section,  showing  the  mode  of  fixing 
the  rack  ai^d  pinion,  and  their  supports  on  the  float.  The  rmc&. 
is  inserted  into  a  piece  of  metal  running  across  the  cylinder 
near  the  top.  lliat  the  water  may  pass 'more  freely  when 
nearly  exhausted,  the  bottom  of  the  cylinder  is  not  a  plane, 
but  is  cut  away  so  as  to  leave  two  feet,  as  at  C,  fig.  99.  The 
float  is  also  kept  from  lying  on  the  pentrough  bottom  by  four 
small  feet ;  so  that  the  water  gets  under  it  regularly  from  the 
first. 

Fig.  99**.  An  enlarged  view  of  the  cylinder,  showing  the 
rack  and  ratchet-wheel,  with  the  clink  and  one  of  the  open- 
ings on  the  side  of  the  cylinder;  the  winch  or  handle  being  on 
the  opposite  side,  and  the  pinion,  by  which  the  rack  is  nu^ed, 
enclosed  in  a  box  between  them. 

MR.  SMEATOn's  PENTROUGH. 

• 

Fig.  93*.  G  represents  the  pentrough  through  which  the 
water  flows,  and  F  F  strong  cross  beams  on  which  it  is  sup- 
ported ;  the  wheel  is  situated  very  close  beneath  the  bottom  of 
the  trough,  as  the  figure  shows.  £  E  are  two  arms  of  the 
wheel,  which  are  put  together,  as  shown  in  fig.  110.  l^D  is 
the  wooden  rim  ot  the  wheel ;  the  narrow  circle  beyond  this  is 
the  section  of  the  sole  planking,  and  on  the  outside  of  this  the 
bucket-boards  are  fixed  as  the  figure  shows ;  one  of  the  bottom- 
boards,  bj  of  the  trough  at  the  end  is  inclined,  and  an  opening 
is  left  between  that  end  and  the  other  boards  of  the  bottom  to 
let  the  water  pass  through ;  this  openbg  is  closed  by  a  sUi 
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shuttle,  c,  which  is  fitted  to  the  bottom  of  the  trough,  and 
can  be  moved  backwards  and  forwards  by  a  rod  d^  and  lever 
r,  which  is  fixed  into  a  strong  axis  /;  this  axis  has  a  long 
lever  on  the  end,  which,  being  moved  by  the  miller,  draws 
the  shuttle  along  the  bottom  of  the  trough,  and  increases  or 
diminishes  the  aperture  through  which  the  water  issues.  The 
extreme  edge  of  the  shuttle  is  cut  inclined,  to  make  it  cox%* 
respond  with  the  inclined  part  i,  and  by  this  means  it  opens 
a  pianillel  passage  for  the  water  to  run  through,  and  this 
causes  the  water  to  be  delivered  in  a  regular  and  even  sheet; 
and  to  contribute  to  this  the  edges  of  the  aperture  where 
the  water  quits  it  are  rendered  sharp  by  iron  plates;  the 
abutde  is  made  tight  where  it  lies  upon  the  bottom  of  the 
trough,  by  leather,  so  as  to  avoid  any  leakage  when  the 
shuttle  is  closed.  When  the  wheel  is  of  considerable  breadth, 
the  weight  of  the  water  might  bend  down  the  middle  of  the 
trough  undl  it  touched  the  wheel ;  to  prevent  this,  a  strong 
beam,  O,  is  placed  across  the  trough,  and  the  trough  is  sus- 
pended from  this  by  iron  bolts  which  pass  through  grooves 
in  the  shutde,  so  that  they  do  not  interfere  with  the  motion 
of  the  shuttle. 

Mrn  Nouaille  took  out  a  patent,  in  October,  1 81 2,  for  a  new 
method  of  laying  water  upon  an  overshot-wheel,  (see  fig.  94,) 
which  be  thus  describes : — ^^  In  my  new  method  of  applying 
water  to  water-wheels,  I  cause  it  to  commence  its  action 
upon  a  point  of  the  wheel's  circumference,  which  is  about  5Q 
degrees  distant  from  the  vertex,  or  the  highest  point  thereof, 
instead  of  applying  it  at  the  top  of  the  wheel,  as  heretofore 
commonly  practised  for  overshot-w heels.  By  these  means  I 
can  have  the  advantages  of  a  large  wheel  in  situations  where 
the  fall  would  only  allow  of  a  smaller,  if  the  water  was  ap- 
plied at  the  top  ;  thus,  if  there  be  a  perpendicular  of  12  feet, 
I  cause  awheel  of  15  feet  diameter  to  be  made,  and  of  course 
the  water  must  be  made  to  act  upon  it  at  a  height  of  12  feet, 
which  is  three  feet  perpendicular  below  the  top  of  the  wheel, 
and  at  about  53  degrees  from  the  top,  measured  round  its 
circumference  as  above  stated.  I  make  the  pentrough  which 
brings  the  water  to  the  wheel  of  such  a  form  that  it  delivers 
the  water  from  the  bottom  of  it  through  the  floor,  and  is 
directed  at  such  an  angle  as  to  fall  into  the  buckets  nearly 
in  the  direction  of  the  wheel's  motion,  which  will  be  at  an 
angle  of  75  degrees  with  the  horizon ;  the  shuttle  or  gate 
slides  upon  the  floor  of  the  trough,  so  as  to  cover  the  aper- 
ture, and  determine  the  quantity  of  water  to  be  let  out  upon 
the  wheel. 
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"The  exact  manner  of  carrying  this  principle  into  eflect  is 
particularly  explained  by  the  annexed  draft,  which  is  a  verti- 
cal section  of  a  water-wheel  on  my  improved  plan.  In  this 
the  dotted  line  A  A,  fig.  116,  represents  the  level  of  the  water 
at  its  full  head,  and  B  the  level  of  the  tail-water;  therefore 
A  B  is  the  extreme  fall,  A  C  is  the  depth  of  the  water  in  the 
pentrough.  Now,  instead  of  the  common  practice  of  making 
a  wheel  of  the  diameter  equal  to  B  C,  I  make  the  wheel 
D  E  F  G  one-fourth  larger  than  B  C,  then  the  water  will  be 
delivered  upon  it  at  the  point  £•  The  floor  C  of  the  pen- 
trough  C  U  L,  does  not  come  up  to  meet  the  end  H  thereof, 
hut  leaves  a  small  space  through  which  the  water  issues  in 
the  direction  of  the  dotted  line  1 1,  to  the  buckets  of  the  . 
wheel.  The  breadth  of  this  space  is  determined  by  the  shut*  ■,■■ 
tie  K,  which  lays  flat  upon  the  floor  of  the  pentrough,  and 
slides  over  the  aperture.  It  is  regulated  by  means  of  a  lever 
1^,  acted  upon  by  a  screw,  rack,  or  other  adjustment,  at  M, 
;ind  the  water  is  thus  delivered  in  a  very  thin  and  regular 
sheet  into  the  buckets.^' 

Fig.  117  represents  a  method  of  laying  on  water  which 
has  for  several  years  been  in  common  use  in  Yorkshire  and 
the  north  of  England.  In  this  the  water  is  not  applied  quite 
at  the  top  .of  the  wheel,  but  nearly  in  the  same  position  as 
the  last  described;  but  the  advantages  of  this  wheel  over  all 
others  is,  that  the  water  can  be  delivered  at  a  greater  or  less 
height,  according  to  the  height  at  which  the  water  stands  in 
the  trough;  but  in  all  the  preceding  methods,  if  the  water  is 
subject  to  variations  of  height,  as  all  rivers  are,  then  the 
wheel  must  be  diminished,  so  that  in  the  lowest  state  of  the 
water  it  will  stand  a  suflicicnt  depth  above  the  orifice  in  the 
bottom  of  the  trough  to  issue  with  a  velocity  rather  greater 
than  the  motion  of  the  wheel.  In  this  case,  when  the  water 
rises  to  its  usual  height,  or  above  it,  the  increase  of  fall  thus 
obtained  is  very  little  advantage  to  the  wheel ;  the  improved 
wheel  can  at  all  times  take  the  utmost  fall  of  the  water,  even 
when  its  height  varies  from  three  to  four  feet.  A  A  is  the 
pentrough  made  of  cast-iron ;  the  end  of  it  is  formed  by  a 
grating  of  broad  flat  iron  bars,  which  are  inclined  in  the 
proper  position  to  direct  the  water  through  them  into  tKc 
buckets  of  the  wheel.  The  spaces  between  the  bars  are  shut 
up  by  a  large  sheet  of  leather,  which  is  made  fast  to  the 
bottom  of  the  iron  trough  at  a,  and  is  applied  against  the 
bars ;  and  the  pressure  of  the  water  keeps  it  in  close  contact 
with  the  bars,  so  as  to  prevent  any  leakage.  This  is  the 
real  shuttle,  and  to  open  it  so  as  to  give  the  required  stream 
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of  water  to  thci  wlieelt  the  upper  edge  of  the  leather  i« 
wrapped  round  a  smaUer  roller,  h;  the  pivots  at  the  ends  of 
diis  roller  are  received  in  the  lower  ends  of  two  racks,  which 
are  made  to  slide  up  and  down  by  the  action  of  two  pinions 
fixed  upon  a  common  axis  which  extends  across  the  trough ; 
this  axis  being  turned,  raises  up  or  lowers  down  the  roller, 
and  the  leather  shuttle  winds  upon  it  as  it  descends,  or 
miwinds  from  it  as  it  ascends,  so  as  to  open  more  of  the 
spaces  between  the  bars,  or  close  them,  as  it  is  required.  In 
Older. to  make  the  roller  take  up  the  leather,  and  always  draw 
it  tight,  a  strap  of  leather  is  wound  round  the  extreme  ends 
of  die  rollers,  beyond  the  part  where  the  leather  shuttle  rolls 
iqKm  it.  These  straps  are  carried  above  water  and  applied  on 
wheels,  which  wind  them  up  with  a  very  considerable  tension, 
by  die  action  ^f  a  band  and  weight  wrapped  on  the  circum* 
lerence  of  a  wheel,  which  is  on  the  end  of  die  axis  of  those 
wheels. 

*  The  water  runs  over  die  upper  side  of  the  roller,  and  flows 
dirough  the  spaces  between  the  grating  into  the  buckets  of 
die  wneel;  ttie  descent  of  die  water  passing  through  the 
bars,  and  afterwards  in  falling  before  it  strikes  the  bottom 
of  tl^  bucket,  is  found  fiiUy  sufficient  to  produce  the  necessa- 
ry velocity  of  the  water,  for  a  fiedl  of  four  inches  produces  a  ' 
i^ocity  of  more  than  four  feet  per  second. 

We  recommend  this  as  die  best  method  of  applying  the 
water,  as  we  see  in  all  other  forms  that  a  much  greater 
portion  of  the  fall  is  given  up  in  order  to  make  the  water 
flow  into  the  wheel ;  not  that  any  such  depth  as  is  commonly 
given  is  at  all  necessary,  but  the  aperture  in  the  trough 
must  be  placed  so  low  that  the  water  will  run  through  it  in 
the  very  lowest  states  of  the  water,  otherwise  the  wheel 
must  stop  at  such  times.— -Dr.  Rees's  Ct/cbpsedia.  Repertory 
•JArUy  1813. 

SLUICE   GOVERNOR    FOR    REGULATING   THE    INTRODUCTION  OF 
WATER  UPON  WATER-WHEELS  OF  ALL  KINDS. 

The  ingenious  Mr.  Bums  actually  constructed  for  the  Cart- 
side  Cotton  Mills,  the  sluice  governor,  represented  at  figs. 
118,  119, 120,  and  121,  which  was  considered  of  such  advan- 
tage as  to  produce  a  saving  of  more  than  100/.  per  annum. 

The  motion  of  the  water-wheel  is  communicated  by  a  belt 
or  rope  going  round  the  pulley  I  to  the  axis  E  F,  which 
carries  the  balls  GH,  fig.  118.  This  motion  is  conveyed  to 
die  upright  shaft  T,  by  the  wheels  and  pinions  Q,  R,  S,  T, 
and  the  wheel  N  at  the  bottom  of  the  ^haft  drives  the  wheels 

ir 
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O,  P,  figs.  119  and  120,  in  opposite  directions.  When  the 
velocity  of  the  wheel  is  such  as  is  required,  the  wheels  O,  P, 
move  loosely  about  the  axis,  and  carry  the  motion  no  forther. 
But  when  the  velocity  of  the  wheel  is  too  great,  the  batls 
G,  H,  separated  by  the  increase  of  centrifugal  force,  raise 
the  box  a  upon  the  shaft  E  F.  An  iron  cross  ?c,  see  fig.  121, 
is  fitted  into  the  box  a.  This  cross  works  in  the  four  prongs 
of  the  fork  ehc^  fig.  1 19,  at  the  end  of  the  lever  dqft^  whidi 
moves  horizontally  round  f  as  its  centre  of  motion.  When 
the  box  a  is  stationary,  which  is  when  the  wheel  has  its 
proper  velocity,  the  iron  cross  works  within  two  of  the 
prongs  so  as  not  to  affect  the  lever  o/c,  but  to  allow  the 
clutch  qq^  fixed  at  the  end  of  the  lever,  to  be  disengaged 
from  the  wheels.  When  the  cross  be  rises,  it  atiitta  in 
turning  round  the  prong  3,  see  fig.  121,  which  drives  aside  the 
lever  f/tf,  and  throws  the  clutch  q  into  the  arms  of  the 
wheel  F,  figs.  119, 120.  This  causes  it  to  drive  round  the  shaft 
D  C  in  one  direction.  When  the  iron  cross  ic,  on  thi 
contrary,  is  depressed  by  any  diminution  in  the  velociQr  of 
the  wheel,  it  strikes  in  turning  round  the  prong  4,  whidl 
pushes  aside  the  lever  efd^  and  throws  the  ciiitch  q  into  die 
wheel  O.  This  causes  the  wheel  O  to  drive  the  shaft  in  an 
opposite  direction  to  that  in  which  it  was  driven  by  P. 
Now  the  shaft  D  C,  which  is  thus  put  in  motion,  drives,  by 
means  of  the  pinion  C  and  wheel  B,  the  inclined  shaft  B  W, 
which,  by  an  endless  screw,  X,  working  in  the  toothed 
quadrant  Z,  elevates  or  depresses  the  sluice  K  L,  and  admits 
a  greater  or  a  less  quantity  of  water,  according  to  the  motion 
given  to  the  shaft  by  the  wheel  P  or  O.  This  change  in 
the  aperture  is  produced  very  gradually,  as  the  train  of  wheel- 
work  is  made  so  as  to  reduce  the  motion  at  the  sluice.  <The 
centre  in  which  the  sluice  turns  should  be  one-third  of  its 
height  from  the  bottom,  in  order  that  the  pressure  of  the  wa- 
ter on  the  part  above  the  centre  may  balance  the  pressure  on 
the  part  below  the  centre. 

MR.  FERGUSON^S  RULES  FOR  THE  CONSTRUCTION  OF 
UNDERSHOT  WATER-MILLS. 

When  the  float-boards  of  the  water-wheel  move  with 
a  third  part  of  the  velocity  of  the  water  that  acts  upon  them, 
the  water  has  the  greatest  power  to  turn  the  mill :  and  when 
the  mill-stone  makes  about  60  revolutions  in  a  minute,  it  is 
found  to  do  its  work  the  best.  For,  when  it  makes  but 
about  40  or  50  it  grinds  too  slowly,  and  when  it  makes  more 
than  70,  it  heats  the  meal  too  much,  and  cuts  the  bran  so 
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tmall,  that  a  great  part  thereof  mixes  with  the  meal,  and 
csonot  be  separated  from  it  by  sifting  or  boultin^.  Conse- 
nuend]^,  the  utmost  perfection  of  mill-work  Ues  in  making 
me  train  so,  as  that  the  mill-atone  shall  make  about  60  turns 
in  a  minute  when. the  water-wheel  moves  with  a  third  part 
of  the  Telocity  of  the  water.  To  have  it  so,  observe  the  fol- 
]6wine  rules : 

1*  Measure  the  perpendicular  height  of  the  fall  of  water, 
in  feet,  above  the  middle  of  the  aperture,  where  it  is  let  out 
to  act  by  impulse  against  the  float-boards  on  the  lowest  side 
of  tbe  undershot-wheel. 

:  d*  Multiply  this  constant  number  64.2882,  by  the  height  of 
lae  feU  in  teet,  and  extract  the  square  root  of  the  product, 
which  shall  be  the  velocity  of  the  water  at  the  bottom  of  the 
fell,  or  the  number  of  feet  the  water  moves  per  second. 

.  flu  Divide  the  velocity  of  the  water  by  3,  and  the  quotient 
shall  be  the  velocity  of  the  floats  of  the  wheel,  in  feet,  per 
second* 

4.  Divide  the  circumference  of  the  wheel  in  feet,  by  the 
velocity  of  its  floats,  and  the  quodent  will  be  the  number  of 
wc^padB  in  one  turn  or  revolution  of  the  great  water-wheel  on 
whose  axis  the  cog-wheel  that  turns  the  trundle  is  fixed. 

5«  Divide  60  by  the  number  of  seconds  in  a  turn  of  the  wa- 
ter-wheel, or  cog-wheel,  and  the  (quotient  will  be  the  number 
of  turns  of  either  of  these  wheels  m  a  minute. 

6.  Bv  this  number  of  turns  divide  60,  (the  number  of  turns 
die  miU-stone  ought  to  have  in  a  minute,)  and  the  quotient 
will  be  the  number  of  turns  the  mill-stone  ought  to  have  for 
one  turn  of  the  water  or  cog-wheel.    Then, 

7.  As  the  required  number  of  turns  of  the  mill-stone  in  a 
minute  is  to  the  number  of  turns  of  the  cog-wheel  in  a  minute, 
so  must  the  number  t>f  cogs  in  the  wheel  be  to  the  number  of 
staves  in  the  trundle  on  the  a»s  of  the  mill-stone,  in  the 
nearest  whole  number  that  ci^n  be  found.  By  these  rules  the 
following  table  is  calculated;,  in  which  the  diameter  of  the 
water-wheel  is  supposed  to  be  18  feet,  (and  consequendy  its 
circumference  56^  feety)  and  the  distance  of  the  mill-stone  to 
be  five  feet» 
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Example. — Suppose  an  undershot-mill  is  to  be  built  where 
the  perpendicular  height  of  the  &11  of  water  is  nine  feet;  it 
is  required  to  find  how  many  cogs  must  be  in  the  wheel,  and 
how  many  staves  in  the  trundle,  to  make  the  milUstonc  go 
about  60  times  round  in  a  minute,  while  water-wheel  floats 
move  with  a  third  part  of  the  velocity  with  which  the  water 
spouts  against  them  from  the  aperture  at  the  bottom  of  the 
fall. 

Find  9,  (the  height  of  the  fall,)  in  the  first  column  of  the 
table  ;  then  against  that  number,  in  the  sixth  column,  is  70 
for  the  number  of  cogs  in  the  wheel,  and  10  for  the  number 
of  suves  in  the  trundle ;  and  by  these  numbers  we  find  in 
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the  mghth  cdlamn  Ait  die  millpstote  will  noiake  Sd^Vr  tunui 
ni  •  ninate,  wUch  is  within  half  a  turn  of  60,  and  near  enou^ 
Jbr  the  parpote  i  as  it  is  not  absolutely  requisite  diat  there 
should  be  just  00  widiont  any  fracdion :  and  throu^out  the 
trfiole  table  the  number  of  turns  is  not  quite  one  more  or 
kaathan  60. 

The  diameter  of  the  wheel  being  18  feet,  and  die  fUl  of 
wMer  moe  feet,  the  second  column  shows  the  velocity  of  the 
water  at  the  bottom  of  die  fall  to  be  34^^  feet  per  second  ; 
dM. third  column  the  velocity  of  the  float-boards  of  the  wheel 
ti^  be  Sjl^  feet  per  second ;  the  fourth  column  shows  that  the 
wheel  will  make  S^VV  ^xxm^  in  a  miimte;  and  the  sixth  column 
shows  that  for  the  mill-stone  to  make  esmcdy  60  turns  in  a 
mimite)  it  ought  to  make  7^4^,  (or  seven  turns  and  one- 
twentieth  part  of  a  turn,)  for  one  turn  of  the  wheel. 

Dr*  Brewster,  in  the  valuable  Appendix  which  he  has  an- 
aetedto  his  edidon  of  Mr.  Ferguson's  works,  shows,  that  ihe 
principles  upon  which  die  above  uble  is  calculated,  are  erro- 
aeons,  owing  to  die  audior  having,  with  Desagulier  and  Mac- 
laorin,  embraced  M.  Parenfa  theory,  which  Mr.  Smeaton,  by 
lep^ted  experiments,  proved  to  be  incorrect. 
'  The  constant  number  used  bv  Mr.  Ferguson  for  finding  the 
velodity  of  the  water  from  the  iieight  of  the  fall,  64.3883,  ap« 
pears  to  be  also  wrong.  For,  from  some  recent  experimenta 
made  by  Mr.  Whitehurst  on  pendulums,  it  is  found  that  a 
heavy  body  falls  16.087  feet  in  a  second  of  time:  consequendy 
the  constant  number  should  be  64.348. 

Dr.  Brewster  then  states,  that  in  Mr.  Ferguson's  table 
die  velocity  of  die  mill-stone  is  too  small ;  and  Mr.  Imison, 
in  correcting  this  mistake,  has  made  the  velocity  too  great. 
Frdm  diis  circumstance,  the  Millwrights'  Table,  as  hitherto 
published,  is  fundamentally  erroneous,  and  is  more  calculat- 
ed to  mislead  than  to  direct  the  practical  mechanic.  Pro- 
ceedinff,  dierefore,  upon  the  practical  deductions  of  Smeaton, 
as  confirmed  by  theory,  and  employing  a  more  correct  con- 
stant number,  and  a  more  suitable  velocity  for  the  mill-stone, 
we  may  construct  a  new  Mill-wrights'  Table  by  the  following 
rales: 

1.  Find  the  perpendicular  height  of  the  fall  of  water  in 
feet  above  the  bottom  of  the  mill-course,  at  K,  (fig.  100,) 
and  having  diminished  this  number  by  one-half  of  the 
natural  depth  of  the  water  at  K,  call  that  the  height  of  the 
faH. 

3.  Since  bodies  acquire  a  velocity  of  33.174  feet  in  a  se- 
cond, by  felling  through  16.087  feet,  and  since  the  velocities 
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of  falling  bodies  are  as  the  'Square  roots  of  the  heights  through 
which  diey  fall,  the  square  root  of  16.087  will  be  to  the 
square  roots  of  the  height  of  the  fall,  as  32.174  to  a  fourth 
number,  which  will  be  the  velocity  of  the  water.  Therefore 
the  velocity  of  the  water  may  be  always  found  by  multiplying 
32.174  by  the  square  root  of  the  height  of  the  fall,  and  divid- 
ing that  product  by  the  square  root  of  16.087.  Or  it  may  be 
found  more  easily  by  multiplying  the  height  of  the  fall  by  the 
constant  number  64.348,  and  extracting  the  square  root  of 
the  product,  which,  abstracting  the  effects  of  friction,  will  be 
the  velocity  of  the  water  required. 

3.  Take  one^half  oi  the  velocity  of  the  water,  and  it  will  be 
the  velocity  which  must  be  given  to  the  float-boards,  or  the 
number  of  feet  they  must  move  through  in  a  second,  in  order 
that  the  greatest  effect  may  be  produced. 

4.  Divide  the  circumference  of  the  wheel  by  the  velocity  of 
its  float-boards  per  second,  and  the  quotient  will  be  the  num- 
ber of  seconds  in  which  the  wheel  revolves. 

5.  Divide  60  by  this  last  number,  and  the  quotient  will 
be  the  number  of  revolutions  which  the  wheel  performs  in  a 
minute.  Or  the  number  of  revolutions  performed  by  t^e 
wheel  in  a  minute,  may  be  found  by  multiplying  the  velocity 
of  the  float-boards  by  60,  and  dividing  the  product  by  the 
circumference  of  the  wheel,  which  in  the  present  case  is 
47.12. 

6.  Divide  90,  (the  number  of  revolutions  which  a  mill-stone 
five  feet  diameter  should  perform  in  a  minute,)  by  the  number 
of  revolutions  made  by  the  wheel  in  a  minute,  and  the  quo- 
tient will  be  the  number  of  turns  which  the  mill-stone  ought 
to  make  for  one  revolution  of  the  wheel. 

7.  Then,  as  the  number  of  revolutions  of  the  wheel  in  a 
minute  is  to  the  number  of  the  revolutions  of  the  mill-stones 
in  a  minute,  so  must  the  number  of  staves  in  the  trundle  be 
to  the  number  of  teeth  in  the  wheel,  in  the  nearest  whole 
numbers  that  can  be  found. 

8.  Multiply  the  number  of  revolutions  performed  by  the 
wheel  in  a  minute,  by  the  number  of  revolutions  made  by 
the  mill-stone  for  one  of  the  wheel,  and  the  product  will  be 
the  number  of  revolutions  performed  by  the  mill-stone  in  a 
minute. 

In  this  manner  the  following  table  has  been  calculated  for 
a  water-wheel  15  feet  in  diameter,  which  is  a  good  medium 
size,  the  mill-stone  being  five  feet  in  diameter,  and  revolving 
90  times  in  a  minute. 
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DR.  BREWSTER'S  MILL-WRIGHTS'  TABLE. 

/n  which  the  velocity  of  tke  teheel  is  three'Sevftttha  of  the  velocity  of 
the  water,  mid  tke  ejects  i^  friction  on  tke  velocity  of  the  stream 
redaced  to  compulatton. 


■B 

II 

111 

■if 

n 

3^4 

ill  8 

■5 

ii 

111 

If 

1 

«l 

Hi 

11 

m 

-fi 

■-  s 

11 

-i 

V* 

•SO-o 

JJC. 

■Z  »-3 

s  » 

s5 

S 

« 

f' 

lOOpHt. 

100  pan. 

I04p.ni 

IMPUU 

100  DUU 

Fm 

PM.     -fm 

Fm.     of. 
foot 

Ho.  on 

Rrv.    5^ 

T«1b.  SUvn. 

R».      Urn 

»1 

7.62 

3.27 

4.16 

21.63 

130     6 

89.98 

2 

io.7r 

4.62 

5.88 

15.31 

92     6 

90,02 

3 

13.20 

5.66 

7.20 

12.50 

100     8 

90.00 

15.24 

6.33 

8.32 

10.81 

97     9 

89.94 

ir.a* 

7.30 

9.28 

9.70 

97  10 

90.02 

18.67 

8.00 

10.19 

8.83 

97  11 

89.98 

20.15 

8.64 

10.99 

8.19 

90  11 

90.01 

21.56 

9.24 

11.76 

7.65 

84  11 

89.96 

22.86 

9.80 

12.47 

7,22 

72   10 

90.03 

to 

24.10 

10.33 

13.15 

6.84 

82  12 

89.95 

11 

23.27 

10.83 

13.79 

6.53 

85    13 

90.05 

12 

26.40 

11.31 

14.40 

6.25 

72  12 

90.00 

13 

27.47 

11.77 

14.99 

6.00 

72   12 

89.94 

14 

28.51 

12.22 

15.56 

5.78 

75   13 

89.94 

15 

29.52 

J  2. 65 

16.13 

5.58 

67  12 

90,01 

16 

30,48 

13.06 

16.63 

5.41 

65   12 

89.97 

17 

31.42 

13.46 

17.14 

5.25 

63  12 

89.99 

IB 

32.33 

13.86 

17.65 

5.10 

61    12 

90.01 

19 

33,22 

14.24 

18.13 

4.96 

64  13 

89.92 

20 

34.17 

14.64 

18.64 

4.83 

58  12 

89.84    1 

1 

2 

3 

4 

5 

6 

7        i 

110  THE  OFBBATIVB  MBGBAJriC 

TREATISES  ON  lOLL-WOBK. 

KUadiclie  abmi  Allexfamnd,  WaMert  Wind^  B0Mi  and  Handpmnhlem  &c. 
TOO  Jtcob.  de  Stmda  a  Botbergf  1617. 

Geocg.  Chriftoph.  Luemer  Machina  tofeatk*  nora;  oder  beschfcibaiig'  der 
neu  exfbndeoen  Drehmlihirn,  1661. 

llieatrum  Machinarmn  NcmuBi  das  h^  aeu  vennebrter  Schauplats  der 
MMbaiiiflcheii  Kiimte,  handeh^on  Alleiliuid.  Waaser,  Wind,  B<Mi»  Geiridit 
und  Hand'Oiiihlen,  von  Geo.  And.  BocklenUt  1661. 

Contenta  diacunua  Mechanici,  concernentb  Descriptionem  Optimx  fat»» 
Telonim  horiaontaliiun  pro  uiu  Molaniin»  aecnon  fundamentum  inclinaUmaa 
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WINDMILLS. 

The  wiDdmill  derives  its  name  from  the  motion  it  receives 
from  the  impulse  of  the  vind. 

The  date  of  its  invention  is  not  precisely  known,  though 
authors  generally  concur  in  believing  it  to  have  taken  place  at 
no  very  distant  period  of  time.  Some  state  it  to  have  been 
first  used  in  France  in  the  sixth  century :  others,  on  the  con* 
trary,  assert,  that  at  the  time  of  the  crusades  it  was  introduced 
into  Europe  from  the  east,  where  scarcity  of  water  gave  die 
impetus  that  led  to  its  discovery. 

vVindmills  are  of  two  kinds,  horizontal  and  verdcaL 

THE    VERTICAL   WINDMILL 

Consists  of  a  strong  shaft,  or  axis,  inclining  a  little  upwards 
from  the  horizon,  with  four  long  yards,  or  arms,  fixed  to  the 
highest  end,  perpendicular  to  the  shaft,  and  crossing  each 
other  at  right  angles.  Into  these  arms  are  mortised  several 
small  cross-bars,  and  to  them  are  fastened  two,  three,  or  four, 
long  bars,  running  in  a  direction  parallel  with  the  length  of 
the  arms ;  so  that  the  bars  intersect  each  other,  and  form  a 
kind  of  lattice  work,  on  which  a  cloth  is  spread  to  receive  the 
action  of  wind.  These  are  called  the  sails,  and  are  in  the  shape 
of  a  trapezium,  usually  about  nine  yards  long  and  two  wide. 

As  the  direction  of  the  wind  is  very  uncertain,  and  perpe- 
tually changing,  it  becomes  necessary  to  have  some  contri- 
vance for  bringing  the  windshaft  and  sails  into  a  position 
proper  for  receiving  its  impression.  To  effect  this,  two  me- 
thods are  in  general  use :  the  one  called  the  post-mill ;  the 
other  the  smock-mill. 

post-mills. 

In  the  post-mill  it  is  accomplished  by  driving  perpendicularly 
into  the  earth  the  trunk  of  a  strong  tree,  that  is  held  securely 
upright  by  several  oblique  braces,  which  extend  from  a 
platform  on  the  ground  to  the  middle  of  the  tree,  leaving  10 
or  12  feet  of  the  upper  part  free  from  the  braces.  The  part 
thus  left  free  from  obstruction  is  rounded,  and  made  to  pass 
through  a  circular  collar,  formed  in  the  flooring  of  the  lower 
chamber,  and  to  enter  into  a  socket  fixed  into  the  flooring  of 
the  upper  chamber,  and  to  one  of  the  strongest  cross-beams, 
which  must  sustain  the  whole  weight  of  the  mill-house,  so 
that,  by  means  of  a  pivot,  or  gudgeon,  fastened  on  that  part 
of  the  post  which  enters  into  the  socket,  the  whole  machine 
can  turn   about   horizontally  to   face  the  wind.     A  strong 
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framing,  united  bv  joints  to  the  back  part  of  the  mill-house, 
descends  in  a  sloping  direction  till  it  touches  the  ground : 
the  bottom  of  it  is  very  heavy,  and  is  fastened  by  cords  to 
some  short  posts  that  are  driven  in  a  circle,  at  regular  inter- 
vals round  the  mill,  to  prevent  the  mill  from  turning  about 
at  cvtry  sudden  squall.  This  framing  is  furnished  with  steps 
to  serve  as  a  ladder  of  ascent  or  descent.  At  the  bottom  of  it 
a  rope  is  fastened,  and  carried  thence  in  an  inclined  position 
to  the  top  of  the  mill,  where,  by  a  lever  or  Uckle  of  pullie8,it 
can  be  shortened  so  as  to  raise  the  framing  from  the  ground, 
and  then  by  pushing  against  it  in  the  manner  of  a  lever,  the 
whole  mill  may  be  turned  in  any  required  direction.  To  ob^ 
tain  more  force,  a  small  capstan  is  often  provided  to  draw  a 
rope  fixed  to  the  end  of  the  ladder:  this  capstan  is  movable, 
and  can  be  fastened  at  pleasure  to  any  one  of  the  posts. 

Tbe  internal  mechanism  of  a  post-mill  is  exhibited  in  fig,  123.  W  X  Y 
the  upper  chamber;  X  Y  Z  tlie  lower  one;  A  B  the  shaft,  or  axis,  with  the 
eog-wheel  G,  moving  round  in  order  of  the  letters  that  describe  the  sails 
C  D  E  F,  giving  motion  to  the  lantern  H,  and  its  spindle  I  K<  L  M  is  a 
bridge  to  support  the  said  spindle;  and  N  and  O  P  arc  beams  to  sustain 
the  bridge.  The  top  mlll-stonc  Q  is  tlie  only  one  that  moves,  and  is  fixed 
an  the  spindle  I  K  by  a  piece  of  iron,  called  the  rynd,  let  in  at  the  lower 
part  of  the  stone;  the  lower  mill-stone  R,  is  somewhat  larger  than  the 
other.  The  oom  is  put  into  the  hopper  S,  and  runs  from  thence  along  the 
spout  T;  the  spindle  IK,  being  square,  shakes  in  its  revolutions  the 
spout  T,  and  causes  the  corn  to  fsill  through  the  hole  V  between  the  stones, 
where  it  is  ground;  the  flour  then  passes  through  the  tunnel  ab,  and  is 
finally  deposited  in  the  chest  c/  de  is  a  string  going  round  jthe  pin  dj  and 
serving  to  draw  the  spout  T  nearer  to,  or  farther  mm,  the  spindle  I  K,  that 
the  com  may  be  made  to  run  out  either  faster  or  slower,  according  to  the 
velocity  of  the  wind;  fg  and  At  are  levers,  whose  centres  of  motion  are  / 
and  m;  t  /np  is  a  com  going  about  the  pins  /  and  n  to  wind  up  and  raise 
the  stone  Q.  By  bearing  down  the  end  rh,  g  is  raised,  which  raises  the 
perpendicular  N  O,  the  perpendicular  raises  the  cross-beam  O  P,  the  cross- 
beam the  bridge  L  M  and  the  spindle  I  K,  together  with  the  upper  mill- 
stone Q,  so  that  the  stones  can  be  set  at  any  required  distance  apart.  The 
com  is  drawn  up  to  the  top  of  the  mill  by  means  of  a  rope  rolled  about  the 
axis  AB;  ^r  is  a  ladder  for  ascending  to  the  higher  part  of  the  mill.  A 
girt  or  gripe  of  pliable  wood  is  fixed  at  one  end  s,  and  at  the  other  tied  to 
the  lever  ir,  movable  about  at  w,  which  being  pressed  down  stops  the 
motion  of  the  mill  at  pleasure.  When  the  wind  is  great,  the  sails  are  only 
In  part,  or  on  one  side  covered,  and  sometimes  only  one-half  of  two  op- 
posite sails.  The  same  shaft  can  have  another  cog-wheel  fixed  to  the  end 
B,  with  trundle  and  mill-stones  similar  to  those  already  described:  by 
which  means  the  shaft  can  turn  two  pair  of  stones  at  oncei  and  when  one  pair 
only  is  wanted  to  grind,  the  lantern  H  and  spindle  I  K  arc  taken  out  from  tlic 
other. 

SMOCK-MILL. 

Tnt  other  method  of  bringing  the  windshaft  and  sails  into 
a  position  proper  for  receiving  the  impression  of  the  wind  is, 
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bv  what  18  called  the  smock-mill.  This  mill  is  more  expen- 
sive in  the  construction,  and  more  decidedly  advantageous, 
as  it  can  be  made  of  any  required  dimensions.  It  is  built  in 
the  form  of  a  round  turret,  having  at  the  top  of  it  a  wooden 
ring  with  a  groove  in  it,  furnished  with  a  number  of  brass 
truckles,  kept  equi-distant  from  each  other  by  their  centre 
pins  being  fixed  into  a  circular  hoop.  Into  this  groove  the 
framing  of  the  upper  or  movable  part  of  the  mill,  which  is 
called  the  head,  or  cap,  enters,  and  a  very  slight  power  is 
alone  sufficient  to  turn  it  about  that  the  sails  may  receive  the 
action  of  the  wind.  The  head  or  cap  is  very  ingeniously  con- 
trived to  turn  itself  about  whenever  the  wind  changes,  by  a 
small  pair  of  sails,  or  fans,  fixed  up  in  a  frame  that  projects 
from  the  back  part  of  the  head. 

Tig*  124,  a  the  fiou^  Uavin^  on  iti  axis  a  pinion  of  10  leares  ^  which 
gives  motion  to  a  cog-wheel  of  60  teeth  r,  its  aids  (/,  and  a  pinion  of 
12  teeth  at  the  lower  iend  e,  turning  a  beTclled  wheel  of  72  teeth  f»  aTertical 
iron  shaft  g,  having  a  pinion  of  11  teeth  A,  that  works  in  a  circle  of  120 
cogs.  Therefore,  whenever  the  wind  changes,  it  acts  obliquely  upon  the 
Tanes  of  the  fan,  and  turns  it  round,  which,  giving  an  impulse  to  the 
connectinf^  machinery,  brings  the  main  sliaft  of  the  sails  slowly  about  to  face 
the  direction  of  the  wind.  The  method  of  this  operation  is  as  follows:  the 
fans,  having  received  the  action  of  the  wind,  turn  round,  and  the  pinion  b  of 
10  leaves,  that  is  upon  its  axis,  gives  motion  to  the  cog-wheel  of  60  teeth 
€«  fixed  on  an  inclined  axis  which  has  at  the  lower  end  tlie  piiuon  of  12 
leaves  e,  acting  upon  the  bevelled  wheel  of  72  teeth  /,  fixed  on  a  vertical 
iron  axis,  and  giving  motion  to  the  pinion  of  1 1  teeth  A,  that  works  in  the 
circle  of  120  cogs.  A  B  two  of  the  sails,  (the  other  two  being  endwise 
cannot  be  seen,)  fixed  on  an  iron  shaft  or  axis  C  D,  by  screwing  them  to 
an  iron  cross  formed  at  one  end  of  it.  Upon  this  shaft  is  the  cog-wheel  £, 
that  acts  upon  the  lantern  F,  fixed  on  a  strong  vertical  shafl  extending  from 
the  top  to  the  bottom  of  the  mill,  and  having  on  the  lower  end  the  large 
wheel  it,  giving  motion  to  the  two  opposite  pinions  kk,  which  turn  the 
spindles  and  the  mill-stones  G  II.  A  wheel  is  fixed  on  the  main  axis  at  I, 
to  give  action  to  the  pinion  on  Uie  horizontal  roller  m,  which  has  a  rope 
wrapped  about  it  to  wind  up  the  sacks  of  com.  The  same  wheel  I  turns 
another  horizontal  axis  that  has  several  wheels,  to  receive  endless  ropes 
for  turning  tlie  bolting  and  dressing  machines.  On  the  middle  part  of  the 
vertical  shaft  K  L  is  the  wheel  T,  which  turns  the  roller  m,  to  draw  up  the 
sacks  of  com  from  the  lower  part  of  the  mill,  which  is  used  as  a  storehouse; 
being  divided  into  as  many  compartments  as  Uic  miller  may  require.  To 
the  mill-stone  spindle  is  attached  a  pair  of  regulating  balls,  to  regulate  the 
velocity  of  the  mill.  For  the  manner  of  applying  this  regulator  see 
fig.  125,  /a  spindle,  on  which  is  fixed  the  pinion  /r,  playing  into  the  large 
wheel  that  is  attached  to  the  vertical  shaft;  the  lower  end  of  the  spindle 
enters  into  a  square  formed  on  the  top  of  the  mill-stone  axis  at  m ;  imme- 
diately beneath  the  pinion  two  iron  rods  are  jointed,  bending  downwards, 
having  a  heavy  iron  ball  oo  fastened  to  the  end  of  each;  to  these  rods  arc 
attached  two  links  at  pp,  to  suspend  a  collar  capable  of  sliding  freely  up 
and  down  upon  the  spindle  //  this  collar  is  embraced  by  a  fork,  formed  on 
a  steelyard,  lying  horizontal,  and  suspended  by  the  fulcrum  q,-  r  is  an  iron 
rod  fixed  at  the  extreme  end  of  the  steelyard,  and  having  at  the  bottom  an 
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iffte  iMMk  to  coDiiact  it  with  the  lever  fl»  whose  fulctoai  it  1/  thii^  bj^ii 

«f  an  ifoo  rod,  sutpencb  one  end  of  the  bxidge*on  which  the  lower  piTO^'of 

Ike  mQI-ston^  rests,  the  otiher  end  bearinf^  on  a  fUlcrum,  or  centre. 

Whenerer  the  mill  acquires  reloeltyy  the  iron  balls,  by  their  centiiiugil 
Ibice,  will  fly  out,  and  elerate  the  coUar,  which,  acting  npen  tiie  connecting 
puts,  will  let  the  upper  nnll-ftone  down  nearer  to  the  lower  one,  and  tiie 
vesistanoe  or  fticttOn  thus  caused  will  counteract  the  increased  velocity  of  the 
wind.  On  the  cbntraiy,  if  the  wind  decreaseiL  the  balls  will  611  towarda 
«skch  other,  and  let  down  the  sli^g  collar,  which  will  raise  the  top  null- 
mtmtf  and  by  Increasing  6ie  dJshiwce  between  it  and  the  lower  one  causa 
Hie  mill  to  aco  nire  greyer  irelod^.  For  this  purpose  a  weight  v  is  Jiung 
^ott  the  steeiyafd,  lofficient  to  raise  die  stone  whenerer  the  decent  of  the 
collar  will  p^snnit  it  so  to  do.  Sereral  notches  are  cot  into  the  steelyard  for 
different  positions  of  the  fulcrum  q  and  rod  r,  to  regulate  more  eflectuaJly 
the  motion  of  the  machinery.  For  instance,  if  the  wind  should  blow  stronger, 
end  the  odU  go  slower,  contraiy  to  the  effbct  expected,  it  shows  that  the  re- 
gulation m  too  strong:  to  remedy  this,  the  lerenge  of  the  balls  must  be  in- 
creased b^  reducing  the  distance  between  the  fulcrum  q  and  the  rod  r,  by 
sinfking  either'cif  t&m  into  different;  notches.  On  the  other  hand,  if  the 
vdod^  of  the  mill  should  iildnease  lidth  the  velooily  of  the  wind,  it  shows 
that  the  legulatioQ  is  not  strong  enou|^  and  that  the  fulcrum  a  and  the  rod  r 
most  be  aet  a  greater  distance  apart.  Sometimea  it  happene  mat  the  whole 
Bants  of  the  notches  on  the  steeWard  is  insnfllcient  to  effectuate  the  desired 
object)  fai'auch  case,  the  acting  length  of  the  lever  §■§  must  be  increased  or 
Himiniihwl  by  removing  the  fmcrum  I  to  a  greater  or  less  distance  ftom  the 
mspended  rod  V. 

In  te.  13(5  is  shown  the  construction  of  the  horizontal  shaft  or  uds  that 
bears  m  sails.  It  is  an  octaj^onal  iron  shaft,  having  two  cylindrical  nedu, 
e  and  d,  where  it  rests  upon  its  bearing^  At  the  end.  it  has  a  Idnd  of  box 
which  has  two  mortises,  e  and  ft  through  it  in  perpendicular  directions,  to 
receive  the  ssils.  At  the  back  of  one  of  these  mortises,  and  the  front  of  the 
other,  a  projecting  arm  is  left  in  the  casting  to  receive  screw  bolts  for  holding 
the  Sails  secure  in  the  mortises.  The  sails  are  braced  to  each  arm  by  a  rope 
stay,  proceeding  from  the  end  of  a  pole,  fixed  at  the  end  of  the  cast-iron  axis. 
Each  sail  u  formed  of  a  sail  cloth,  spread  upon  a  kind  of  lattice  work,  sinular 
to  that  described  under  the  head  of  Post^nill.  The  plane  of  this  frame  is  in* 
dined  to  the  plane  of  the  sail's  motion,  at  such  an  ai^^le,  that  the  wind  blow- 
ing in  the  direction  c^  the  axis  acts  upon  the  sails  as  inclined  planes,  and  turns 
them  about  with  a  power  proportionate  to  the  size  of  the  satis  and  the  force 
of  the  wind.  The  o^-wheel  is  fixed  on  the  axis  by  bolting  its  arma  against 
the  stanch  masked  G.  Tlie  nuU'Stones  are  the  saipe  aa  those  described  under 
the  head  of  Flour^mll. 

Parent,  Eiiler,  and  other  geometriciaDs  have  written  much 
upon  the  nitf ure  and  construction  of  windmills ;  but  as  we 
lider  the  experiments  and  researches  made  by  our  own 
itryman  Smeaton  to  be  fisr  superior  in  point  oi  practical 
utility,  we  shhll  content  ourselves  widi  giving  his  opinion  aa 
to  die  shape,  magnitude,  and  position  of  the  sails. 

By  Mr.  Smeaton's  experiments  it  appears,  that  when  the 
sails  were  set  at  the  angle  of  55  degrees  with  the  axis,  pro- 
posed as  the  best  by  M.  Parent  and  others,  they  wf  re  die 
moat  disadvantageous  of  any  that  were  tried  by  him. 
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On  increasing  the  angle  of  the  sails  with  the  axis  from  72 
to  75  degrees,  an  augmentation  of  power  was  produced  in  the 
ratio  of  31  to  45,  and  this  proves  to  be  the  angle  roost  com- 
monly in  use  when  the  surfaces  of  the  sails  are  planes. 

If  nothing  more  were  requisite  than  to  make  the  mill  ac- 
quire motion  from  a  state  of  rest,  or  to  prevent  it  from  pass- 
ing into  rest  from  a  state  of  motion,  the  position  recommend- 
ed.by  M.  Parent  would  be  the  best;  but  if  the  sails  are  in- 
tended, with  given  directions,  to  produce  the  greatest  effect 
possible  in  a  given  time,  we  must  reject  M.  Parentis  posi- 
tion ;  and,  if  use  be  made  of  planes,  confine  our  angle  within 
the  limits  of  72  and  75  degrees  with  the  axis. 

The  variation  of  a  degree  or  two  in  the  angle  makes  very  little 
difference  in  the  effect,  when  the  angle  is  near  upon  the  best. 

Mr.  Smeaton  made  several  experiments  upon  a  large  scale^ 
and  found  the  following  angles  to  answer  as  well  as  any.  The 
radius  is  supposed  to  be  divided  into  six  parts,  and  one-sixth, 
reckoning  from  the  centre,  is  called  one,  the  extremity  being 
denoted  six. 

Angle  with  Angle  irjih  tbe 

Ka  tlie  axis.  pkne  of  the  motioB* 

1 72<> 18 

2 71 19 

3 72 ISmkldk 

4  -..-...  74 16 

5 77i 12J 

6 83  --.*....  7  extreimty. 

Having  thus  obtained  the  best  position  of  the  sails,  or  man- 
ner of  weathering,  as  it  is  called  by  the  workmen,  Mr.  Smea- 
ton next  proceeded  to  try  what  advantage  could  be  made  by 
an  addition  of  surface  upon  the  same  radius.  The  result  was, 
that  a  broader  sail  requires  a  greater  angle  ;  and  that  when 
the  sail  is  broader  at  the  extremity  than  near  the  centre,  this 
shape  is  more  advantageous  than  that  of  a  parallelogram.  The 
figure  and  proportion  of  the  enlarged  sails  he  found  to  answer 
best  upon  a  large  scale,  where  the  extreme  bar  is  one-third 
of  the  radius,  or  whip,  and  is  divided  by  the  whip  in  the  pro- 
portion of  3  to  5.  The  triangular,  or  leading  sail,  is  coveijj^ 
with  board,  from  the  point  downwards,  one-third  of  its  heigl^ 
the  rest  with  cloth  as  usual.  The  angles  mentioned  in  the 
preceding  article  are  found  to  be  the  best  for  the  enlarged 
sails  also ;  for  in  practice  it  is  found,  that  the  sails  had  better 
have  too  little  than  too  much  wind. 

Many  persons  have  imagined  that  the  more  sail  the  greater 
the  advantage,  and  have  therefore  proposed  to  fill  up  the 
whole  area,  and  by  making  each  sail  a  sector  of  an  ellipsis, 
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according  to  M.  Parent,  to  intercept  the  whole  cylinder  of 
wind,  and  thereby  to  produce  the  greatest  effect  possible: 
but  from  our  author's  experiments  it  appears,  that  when  the 
surface  of  all  the  sails  together  exceeded  seven*eighths  of 
the  circular  area  containing  them,  the  effect  was  rather  di- 
minished than  augmented ;  and  consequently,  he  concludes^ 
that  when  the  whole  cylinder  of  wind  is  intercepted,  it  does 
ncyt  then  produce  the  greatest  effect  for  want  of  proper  inter- 
stices to  escape. 

**  It  is  certainlv  desirable,"  says  Mr.  Smeaton,  "  that  the 
sails  of  windmills  should  be  as  short  as  possible,  but  at  the 
same  time  it  is  equally  desirable  the  quantity  of  cloth  should 
be  the  least  that  may  be,  to  avoid  damage  by  sudden  squalls 
of  wind*  The  best  structure,  therefore,  for  large  mills,  is 
that  where  the  quantity  of  cloth  is  the  greatest  in  a  given 
circle  that  can  be :  on  this  condition,  that  the  effect  holds 
out  in  proportion  to  the  quantity  of  cloth  ;  for  otherwise  the 
effect  can  be  augmented  in  a  given  degree  by  a  lesser  increase 
of  cloth  upon  a  larger  radius,  than  would  be  required  if  the 
cloth  were  increased  upon  the  same  radius." 

The  ratios  between  the  velocities  of  windmill  sails  unload- 
ed, and  when  loaded  to  their  maximum,  turned  out  different 
in  different  experiments,  but  the  most  general  ratio  of  the 
whole  was  as  3  to  2.  In  general,  however,  it  appeared,  where 
the  power  was  greater,  whether  by  an  enlargement  of  surface. 
Or  a  greater  velocity  of  the  wind,  that  the  second  term  of  the 
ratio  was  less. 

The  ratio  between  the  greatest  load  that  the  sails  will  bear 
without  stopping,  or  what  is  nearly  the  same  thing,  between 
the  least  load  that  will  stop  the  sails,  and  the  load  at  the 
maximum,  were  confined  between  that  of  10  to  8,  and  of  10 
to  9 ;  and  at  a  medium  about  10  to  8.3,  or  of  6  to  5  ;  though 
it  appeared  on  the  whole,  that  where  the  angle  of  the  sails  or 
quantity  of  cloth  was  greatest,  the  second  term  of  the  ratio 
was  less« 

The  following  maxims  have  been  deduced  by  Mr.  Smeaton 
from  his  experiments: 

Maxim  1.  The  velocity  of  the  windmill  saila^  whether  unloaded  or  loaded, 
so  as  to  produce  a  maximuni,  is  nearly  as  the  velocity  of  the  wind,  their  shape 
and  motion  being'  the  same. 

Maxim  2.  The  load  at  the  maximum  is  nearly,  but  somewhat  less  than,  as 
the  square  of  the  velocity  of  the  wind,  the  shape  and  position  of  tlie  sails 
being*  the  same. 

Maxim  3.  The  effects  of  the  same  sails  at  a  maximum  arc  nearly,  but  some- 
what less  than,  as  the  cubes  of  the  velocity  of  the  wind. 

Maxim  4.  The  load  of  the  same  sails  at  the  maximum  is  nearly  as  the 
squares,  and  their  effects  as  the  cubes  of  their  number  of  turns  in  a  given  time. 
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Jfiurim  5.  Wben  the  nib  are  loaded  so  as  to  produee  a  mmnatm  ai  a 
given  Telocibr,  and  the  velocity  of  the  wind  increases  the  load  co&tainiiir  6ie 
fame:  firsts  the  increase  of  eflfect,  when  the  inerease  of  the  Telocity  of  the 
wind  is  snia]lcr»  win  be  nearly  as  the  squares  of  those  yelodttes  i  seoovidfyt 
when  the  Telocity  of  the  wind  is  double,  the  effects  will  be  neaify  as  10. to 
STi;  but  thirdly,  when  the  velocities  compared  are  more  than  double  of  that 
where  the  given  load  produces  a  maziraum»  the  effects  increase  nenly  in  a 
«an)le  ratio  of  the  velocitv  of  the  wind. 

maeim  6.  If  sails  are  of  a  similar  figure  and  position,  the  number  of  tumi 
in  a  given  time  will  be  reciprocally  as  the  ndius  or  lei^^  of  the  sail. 

Maxim  7.  The  load  at  a  maximum  that  sails  of  a  mmilar  fif^ure  and  jpo^ 
tion  will  overcome,  at  a  given  distance  ftom  the  centre  of  motion,  will  be  av 
the  cube  of  the  radius. 

Maxim  8.  The  effect  of  sails  of  miilar  figure  and  portion  aie  aa  the  aqoara 
of  the  radius. 

Maxim  9.  The  velocity  of  the  extremity  of  Dutch  sails,  sa  well  as  of  the 
enlarged  sails,  in  all  their  usual  posillons  when  unloaded,  or  even  loaded  t9  n 
maximum,  are  oonsiderahly  qidcker  than  the  velocity  of  the  wind. 

Mr.  Ferguson  remarks,  that  it  is  almost  incredible  to 
think  with  what  velocity  the  tips  of  the  sails  move  ,wheii 
acted  upon  by  a  moderate  wind*  He  several  times  counted 
the  number  of  revolutions  made  by  the  sails  in  10  or  15  mi* 
Dutes  j  and,  from  the  length  of  the  arms  from  tip  to  tip,  has 
computed,  that,  if  an  hoop  of  the  same  size  were  to  run  upon  .  j 
plain  ^ound  with  equal  velocity,  it  would  go  upwards  of  90 
miles  m  an  hour. 

RULES  FOR  MODELLING  THE  SAILS  OF  WINDMILLS.^ 

Fig.  127  is  a  front  view  of  one  of  the  four  sails  of  a  wind«^ 
mill.  The  letters  of  reference  will  serve  to  explain  the  terms 
made  use  of  in  the  following  description : 

1.  The  length  of  the  arm,  or  whip  A  A,  reckoned  from  the  centre  of  tin 
great  shaft  B  to  the  outermost  har  19,  ^vems  all  the  rest 

3.  The  breadth  of  the  fiice  of  the  whip  A»  next  the  centre,  is  one-thirtietk 
of  the  length  of  the  whip,  its  thickness  at  Uie  same  end  is  three-fbnrths  of 
the  breadth,  and  the  back-aide  is  made  parallel  to  the  face  for  half  the 
length  of  the  whip*  or  to  the  tenth  bar;  the  small  end  of  the  whip  la  aqnare* 
and  at  its  end  is  one-sixtieth  of  the  length  of  the  whip,  or  half  the  breadth  • 
at  the  great  end. 

3.  From  the  centre  of  the  shaft  B  to  the  nearest  bar  1  of  the  lattice*  it 
one-seventh  of  the  whip;  the  remaimng  space  of  six-sevenths  of  the  whip  1$ 
equally  divided  into  19  spaces,  so  aa  to  make  19  bars;  one-ninth  of  one  of 
these  spaces  is  equal  to  the  mortises  for  the  bars,  the  tenons  of  which  are 
made  square  where  they  enter  and  go  through  the  whip,  and  conaequei]^ 
the  mortises  must  be  square  also. 

4.  To  prepare  the  whip  for  mortising,  strike  a  gage-score  at  about  three* 
fourths  ojp  an  inch  from  the  face  on  each  side,  and  the  gag^e-score,  on  the- 
leading  ade  4,  5,  will  give  the  face  of  all  the  bars  on  that  side ;  but  on  fie 
other  side,  the  faces  of  all  the  bam  will  foil  deeper  than  the  gage-ecore,  ac- 
cording to  a  certain  rule.  To  find  the  space  to  be  set  off  for  this  purpose  ftr 
each  bar,  construct  a  hcale  in  the  following  manner: 

5.  Extend  the  compasses  to  any  distance  at  pleasure,  so  that  six  times 
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that  extent  may  be  greater  than  the  breadth  of  the  whip  at  the  aerenth  bar; 
aet  ihoae  six  spacea  off  upon  a  straight  line  for  a  base,  at  the  end  of  which 
imiae  a  perpendicuUrt  let  off  three  spacea  upon  the  perpendicular,  and  divide 
Ike  two  spacea  that  are  farthest  from  the  base  line  into  six  equal  parts  each* 
•o  that  this  Quantity  of  two  spaces  may  be  equally  divided  into  12  spaces, 
narked  out  oy  13  pfunta^  from  each  of  these  points  draw  a  line  to  the  oppo- 
site end  of  the  base,  as  so  many  rays  to  a  centre,  and  the  scale  is  finished. 

6.  To  ap^Iy  this  scale  to  any  given  case,  set  off  the  breadth  of  the  whip 
at  the  last  bar,  (that  is,  the  bar  at  the  extremity  of  the  sail,)  from  the  centre 
of  the  scale  along  the  base  towards  the  perpendicular;  and  at  this  point  raise 
a  perpendicuhir  to  cut  the  ray  nearest  to  the  base;  also  set  off  the  breadth 
of  the  whip  at  the  seventh  bar  in  the  same  manner,  and  at  this  point  erect 
another  perpendicular  to  cut  the  thirteenth  radius.  From  the  intersection  of 
the  perpendicular,  (drawn  upon  the  breadth  of  the  last  bar,}  with  the  first  of 
the  thirteen  radii,  to  the  intersection  of  the  other  perpendicular  with  the 
thirteenth  radius,  draw  an  oblique  line  cutting  all  the  rest,  and  the  distances  of 
each  of  these  last-mentioned  points  of  intersection  from  the  base  line  is  the 
space  which  the  face  of  each  bar  is  distant  from  the  gage-line  on  the  driv- 
mg  side. 

r.  Hiese  distancea  gire  a  difference  set  off  for  each  bar  till  the  seventh, 
which  same  must  be  set  off  for  all  the  rest  to  the  first. 

8.  These  mortises  must  be  square  to  the  leading  side  of  the  whip. 

9.  When  the  mortises  are  cut,  let  ti^e  face  of  the  whip  be  sloped  off  so  aa 
to  acree  with  the  face  of  the  bars  in  every  part 

10.  Two-fifths  of  the  whip  are  the  length  of  the  last  or  longest  bsr. 

11.  Five-eighths  of  the  longest  bar  must  be  on  the  driving  side  of  the 
whip,  and  tiiree-eigfaths  on  the  leading  nde,  each  bdng  reckoned  i^m  the 
aidiale  of  the  whip. 

13.  The  proportion  of  the  mortisea  already  given  determines  the  size  of 
the  bars  at  the  mortises,  but  their  thickness  must  be  diminished  each  way, 
so  aa  to  be  only  one-half  at  the  ends;  but  the  face  must  be  kept  of  equal 
breadth  all  the  way. 

13.  The  leading  side  goes  no  farther  than  the  fourth  bar,  and  there  only 
projects  one-third  of  the  projection  of  the  last  bar. 

14.  All  the  bars  on  the  driving  side  are  made  hollowing  in  the  arch  of  a 
circle,  which  begins  to  spring  one-third  of  the  length  of  the  bars  on  the 
driving  side  from  the  whip;  and  the  sweep  is  such,  that  if  a  straight  line  be 
applied  to  the  face  of  the  bar  from  the  Vhip  to  the  end,  the  face  of  the  bar 
ahould  leave  the  straight  line  about  the  breadth  of  the  bar. 

15.  There  ought  to  be  three  uplongs,  as  3,  3, 10,  to  the  driving,  and 
two  to  the  leacUng  side,  as  5, 4,  to  strengthen  the  lattice.  Dr.  Rees's  CydopxdUL 

Mr.  Richard  Hall  Gower,  a  gentleman  in  the  sea-service  of 
the  East  India  Company^has  made  some  judicious  experiments 
with  a  view  of  determining  the  proper  angles  of  weather 
which  ought  to  be  given  to  the  vanes  of  a  vertical  windmill: 
his  general  conclusion  is,  that  each  vane  should  be  a  spiral,  ge« 
Iterated  by  the  circular  motion  of  a  radius,  and  of  a  line  moving 
at  right  angles  to  the  plane  of  a  circular  motion.  The  con- 
struction he  deduces  from  his  inquiries  is  simple,  being  this: 

The  length,  breadth,  and  angle  of  weather  at  the  extremity 
of  a  vane  being  given;  to  determine  the  angles  of  weather  at 
diiTerent  distances  from  the  centre. 

19 
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Let  AB,  figr.  129,  be  the  len}^  of  the  vane;  B  C  its  breadth;  and  B  C  l> 
the  angle  of  the  weather  at  the  extremity  of  the  \'anc,  c(jual  to  20  degrees. 
With  the  length  of  the  vane  A  B,  and  breadth  B  C,  constnict  the  isosc^es 
triangle  ABC:  from  tlie  point  B  dmw  fi  D  perpendicular  to  C  B,  tlien  B  D 
U  the  proper  depth  of  the  vane. 

Divide  the  line  A  B  into  any  number  of  parts,  (five  for  instance.)  at  those 
divisions  draw  the  lines  1  E,  2  F,  3  G,  and  41:1,  parallel  to  the  Vinti  B  C;  also, 
from  the  points  of  division  1,  2,  3,  and  4,  draw  the  lines  1  I,  2  K,  S I^,  and 
4  M,  perpendicular  to  1  E,  2  F,  3  li,  &c.  all  of  them  equal  in  length  to  B  D. 
Join  £  1,  F  K,  G  L,  and  H  M:  then  the  angles  1  E  I,  2  F  K,  3  G  I.,  and  H  M, 
are  the  angles  of  weather  at  those  divisions  of  the  vane;  and  if  the  tri- 
angles be  conceived  to  stand  perpendicular  to  the  plane  of  the  paper,  the 
angles  1,  K,  L,  M,  and  D,  becoming  the  vertical  angles,  the  hypothenusc  of 
these  triangles  will,  as  beibre  suggested,  give  a  perfect  idea  of  the  weather- 
ing of  the  vane  as  it  recedes  from  the  centre. 

METHOD  or  CLOTHING  AND  UNCLOTHING  THE  SAILS  WHILE  IN" 

MOTION. 

Mr.  John  Btwater,  of  Nottinghain,  took  out  a  patent  in 
1804,  for  a  method  of  clothing  and  unclothing  the  sails  of 
windmills  while  in  motion,  by  which  the  mill  may  be  clothed 
either  in  whole  or  in  part,  in  an  easy  and.expeditious  manner, 
by  a  few  revolutions  of  the  sails,  whether  they  be  going  fast 
or  slow,  leaving  the  surface  smooth,  even,  and  regular  in 
breadth  from  top  to  bottom ;  and  in  like  manner  the  cloth, 
or  any  part  of  it,  may  be  rolled  or  folded  up  to  the  whip  at 
pleasure,  by  simple  and  durable  machinery. 

Fig.  130,  Nos.  1, 2,  3,  are  fi-ont  views  of  the  sails  as  unclotlied,  half-clothed, 
and  clothed. 

Fig.  1.11,  a  ring  of  iron,  or  other  material,  about  4  inclics  wide,  and  J  ol' 
an  inch  thick,  whose  diameter  must  be  suflicient  to  embrace  the  shaft-head, 
to  which  it  must  be  well  secured  by  the  stays  a  «. 

Fig.  132,  a  bevelled  wheel,  without  arms,  made  of  iron,  stayed  on  tlie  edge 
of  the  ring  so  as  to  turn  easily. 

Fig.  133,  a  spur-wheel  of  iron,  without  arms,  made  to  turn  easily  on  four 
pins  fixed  into  four  ears  bbbb,  in  the  back  of  the  ring;  which  pins  are  turn- 
ed up  at  their  ends  to  keep  it  steady. 

Fig.  134  is  one  of  the  four  spindles  of  iron,  or  other  material,  with  a 
spur  nut  fl,  and  a  bevelled  nut  b;  this  spindle  passes  through  fig.  131  at 
ccecy  and  the  nut  a  works  into  the  spur-wheel  us  seen  in  fig.  133,  aaatK. 
The  four  bevelled  nuts,  (fig.  134,)  work  into  tlie  bevelled  wheels  at  the  end 
of  four  cylinders  iiii  fig.  130,  Nos.  1,  2,  3,  and  so  turn  them;  and  two 
of  these  spindles  must  be  shorter  than  the  others  when  the  stocks  are  not 
flush.  These  cylinders  arc  made  of  wood  of  about  3  inches  diameter, 
and  are  to  be  placed  ut  tlic  outside  of  the  leading  edge  of  each  sail,  round 
which  the  cloth  is  rolled,  (one  edge  being  fastened  on  for  that  purpose,) 
when  the  sail  is  unclothed.  A  gudgeon  from  the  end  of  each  cylinder 
nms  into  an  iron  fastened  to  the  8h.ift-he:id,  and  is  kept  in  its  place  by  a 
nut  screwed  to  its  end.  The  other  end  has  u  giidgeon  b,  which  turns  in 
the  eye  of  the  cross  iron  //,  at  the  points  of  the  whips;  ////four  cylindcrsi, 
similar  to  iiii,  placed  on  tlie  inside  the  whips:  one  behind  each  sail  to 
clothe  the  sails,  by  means  of  ropes  no  oo,  &c.  fastcne<l  to  them  and  the  edge 
ofthc  cloth.    At  the  end  of  each  of  tlicsc  four  cyhndcrs  a  nut  or  wheel  is 
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fix^d,  «ee^,  to  woik  into  the  beyelled  wheel;  fig.  132,  whose  teeth  dedintt 
ftom  the  centre  in  nroportion  as  these  work  from  it,  which  declination  roust 
be  rerersed  when  tiie  ails  turn  in  the  contnuy  waj,  and  gudgeons  to  run 
into  irons  either  projecting  frbm  the  ring  or  fastened  to  the  shaft-head  lik« 
the  other  cylinders.  -  The  gudgeons  g  keep  these  cylinders  fteady  in  Ui« 
cross  iron  h  at  the  point  of  the  whips,  and  stays  of  any  shape  or  number  will 
keep  them  from  sfmifpnr.  ^ 

Now  suppose  the  mill  fully  clotned,  as  at  3,  all  the  parts  of  the  mLchineiy 
reTolre  with  it  undisturbed  until  a  lever,  fig.  136,  which  is  fastened  to  th« 
braces  or  fencing,  by  the  centre  pin  a,  fig.  137,  on  which  it  turns,  and  whose 
end  6  is  weighted  to  hang  down  towards  the  breast  of  the  mill,  is  brought 
into  an  horizontal  direction,  by  pulling  a  string  attached  to  the  end  a  within- 
side  the  mill,  wluch  end  h  stops  the  stud  h^  projecting  from  the  inner  surlkco 
or  back-front  of  the  ^ur-wheel,  fig.  135;  consequenUy  the  four  spur-nuts  a, 
at  the  end  of  the  spindle,  iig.  134^  and  seen  at  aaaa^  fig.  135,  roll  round 
the  spuii-whecl,  and  the  bevelled  nuts  h  at  the  other  end  of  the  spindle  work 
into  the  bevelled  wheels  of  the  outside  cylinders  iiiif  at  1,  2,  3,  in  a  straight 
direction  behind  them,  and  so  turning  the  cylinders  roll  the  cloth  on  them 
till  it  is  rolled  up  to  the  whip.  The  lever  is  then  driven  sideways,  (its  spring 
e  returning  it  a^fain,]  from  the  stud  in  the  back  face  of  the  spur-wheel  by  thc^ 
following  contrivance: 

A  screw,  6,  fig.  138,  is  cut  on  the  ^dgeon  of  any  one  of  the  cylinden 
behind  the  sidl,  and  a  piece  of  iron,  «,  is  tapped  to  fit  it.  Thit  end  of  this 
iron  runs  into  a  slot  in  the  iron  d^  made  fast  to  the  shaft-head,  to  prevent 
the  iron  e  firom  turning  With  the  cylinder,  but  allows  it  to  slide  up  and 
down  so  as  to  press  on  that  on  the  iron  a,  which  has  the  eve  in  it,  and 
raises  the  end  a  just  high'  enough  to  drive  the  lever  aside  wnen  the  cloth 
is  all  reeled  up,  tiie  thread  of,  the  screw  adjusting  it  to  what  number  of 
revolutioiis  you  choose  to  employ  for  that  purpose.  The  point-end  of  the 
iron  a,  is  that  part  of  it  which  pushes  aside  and  passes  the  lever,  fig.  136, 
and  moves  on  its  centre  c,  and  must  be  carried  under  the  spur-wheel  so  as 
to  act  behind  it  for  that  purpose.  By  letting  go  the  string,  the  miller  may  at 
any  time  leave  the  cloth  on  the  sail  where  he  chooses,  likewise  the  siuls  may 
be  clothed,  or  any  part  thereof,  by  a  lever,  similar  to  a,  stopping  the  stud  sr» 
on  the  edge  of  the  bevelled  wheel,  fig.  132,  and  driven  ofi*  in  a  manner  siiiu« 
ler  to  the  spur-wheel. 

Fig.  139  is. a  stay  of  wood,  fixed  to  the  stock  or  whip  at  finnn,  1,  2,  3, 
to  prevent  the  cylinders  from  springing  too  much.  In  the  inside  there  is 
left  room  enough  for  the  cloth  to  be  rolled  upon  the  cylinder  through  its 
lips  in  the  eye  of  this  stay.  In  order  to  keep  the  strings,  which  go  over  the 
edge  of  the  shrouds  oooo^  &c.  tight  in  all  weathers,  a  cord,  passing  over 
a.  spring  of  any  sort  or  shape,  placed  under  the  sail,  is  fastened  to  and 
wound  about  the  upper  ends  of  the  cylinders,  in  a  direction  contrary  to  the 
strings  and  cloth.  To  prevent  the  strings  from  being  driven  downwards  by 
the  centrifiigal  foroe,  a  ring  or  two  are  left  on  to  run  along  the  rods  in  the 
old  manner  Mp,  Nos.  2,  3. 

The  width  of  the  cloth,  diameter  of  the  cylinders,  and 
number  of  revolutions  you  choose  to  employ  to  roll  iip  your 
cloth,  must  determine  the  size  of  the  wheels.  In  order  to 
fold  the  cloth  instead  of  rolling  it,  one  end  of  it  must  be 
fastened  to  the  whip  and  lines  passed  across  the  outside  of  it 
through  loops  fastened  to  its  edge,  and  consequently  over 
the  edge  of  the  shrouds,  and  connected  with  the  cylinder  or 
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roller,  of  any  shape,  placed  under  the  sail,  or  elsewhere,  the 
other  ends  of  the  lines  must  be  connected  with  the  said 
cylinder  or  roller;  and  when  the  cloth  is  drawn  up  in  folds 
towards  the  whip,  so  much  of  these  lines  will.be  rolled  oa 
^the  cylinder  one  way,  and  off  from  it  the  other,  as  will  be 
sufficient  to  let  out  the  cloth  again  when  the  same  cylinder, 
turning  the  contrary  way,  draws  the  cloth  on  the  sail.  By 
tiiis  mode  the  patentee  gets  rid  of  four  cylinders,  with  their 
appendages,  the  work  being  in  other  respects  the  same  as  in 
rolling  ine  cloths ;  but  since  folding  gives  a  surface  much  in- 
ferior  in  many  respects  to  rolling,  and  induces  inconveni- 
ences and  accidents  frona  which  the  rolled  surface  is  free,  he 
advises  the  rolling,  rather  than  for  a  small  saving  to  endure 
the  inconveniences  of  folding. 

If  a  sudden  gust  of  wind  should  arise  in  the  absence  of  the 
miller,  so  as  to  drive  the  mill  faster  than  a  given  velocity,  a 
pair  of  centrifugal  balls,  like  the  governor  of  a  steam  engine, 
may  be  so  placed  as  to  adjust  the  lever,  so  that  it  may  imme- 
diately  unclothe  itself. 

BAINES'S  VERTICAL  WINDMILL  SAILS* 

Mr.  Robert  Raines  Baines,  of  Myton,  Kingston  upon 
Hull,  secured  to  himself  in  June,  1815,  by  patent,  an  improve- 
ment in  the  construction  of  vertical  windmill  sails* 

Fi^.  140  represents  six  sails;  the  stocks  or  arms  marked  A  are  the  same 
as  used  for  common  vertical  windmills;  the  sails  marked  B  are  made  of 
canvass,  and  fastened  to  the  front  sides  of  the  said  stocks  or  arms  along-  the 
edges  marked  a,  a»  and  to  the  rods  or  bars  marked  D,  at  or  near  the  point 
marked  b,  and  are  also  extended  by  the  rods  or  bars  marked  £,  which  are 
inserted  into  or  fixed  to  the  backs  thereof,  and  by  rods  or  bars  marked  m^ 
which  are  inserted  into  or  fastened  to  the  edges  of  the  said  sails;  each  sail 
is  also  connected  by  a  bar  or  rod  marked  F,  as  hereinafler  described, 
with  the  next  following  sail.  The  shafts  or  rods  marked  C  are  festened  to 
the  stocks  or  arms  marked  A,  at  or  near  d,  d^  by  loops  or  otheru'ise,  so  as 
to  allow  them  to  move  as  hinges  do.  The  bars  or  rods  marked  D  are  each  of 
them  connected  with  the  shafts  or  rods  marked  C  by  a  joint,  which  will 
allow  tlie  said  bars  or  rods  marked  D  to  move  from  the  wind  independent 
of  the  shafts  or  rods  marked  C,  in  case  it  should  blow  against  the  back  sides 
of  the  said  sails,  but  will  not  allow  the  said  bars  or  rods  marked  D  to  move 
from  the  wind  independent  of  the  said  shafts  or  rods  marked  C,  when  the 
^vind  blows  against  the  front  sides  of  the  said  sails.  The  bars  or  rods 
narked  F  connect  the  comers  marked  e  of  each  sail  with  the  comer  of 
the  next  following  sail  at  or  near  the  point  marked  b,  leading  behiiid  such 
following  sail,  and  which  bars  or  rods  are  fastened  by  hooks  or  other  proper 
means,  at  or  near  their  points,  bent  to  such  an  angle  that  if  the  wind 
riioulid  blow  against  the  back  sides  of  the  said  sails  and  force  them  forward, 
the  said  bars  or  rods  will  be  unhooked  and  set  at  liberty.  A  rim  or  circle 
marked  G  is  fixed  by  screws  or  otherwise  upon  the  said  stocks  or  arms 
marked  A,  for  the  purpose  of  supporting  the  fulcra  or  props  marked  H. 
At  I  is  represented  the  head  or  end  of  a  rod  or  bar  which  passes  throuj^h 
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Ihe  ecutre  of  the  takttrt^  of  the  mill,  and  to  which  w«ght  qmj  be  appfiedt, 
in  the  nuuiner  well  kDpwn  to  mill-wrights,  to  regulate  the  said  tails  towards 
«r  ftom  the  wind.  - .  The  ban  or  cranks  marked  K  are  fixed  to  the  shafts  or 
voda  mark^  C,  at  such' an  ^ng^e,  and  in  such  a  manner  as  will,  when  and  as 
tiwf  np  acted  upon  by  the  leTers  or  bars  marked  L,  either  anfier  the  aaid  bars 
or  rods  marked  D  and  the  saila  to  recede  from  the  wind  until  the  said  sails 
present  only  their  edf^  to  it,  or  will  force  the  said  bars  or  rods  marked  D 
^  towasds  the  wind,  until  they  present  to  it  their  breadth.  The  levers  <^ 
'  barb  muked  L  are  comieoted  at  one  of  their  ends  with  the  head  of  the 
•ftieaaid  rod  marked  I»  and  at  the  other  ends  with  the  bars  or  cranks  mari^ed 
X*  and  fonn  Icrerstestinr  or  acting  upon  the  fulcra  or  props  marked  H,  and 
are  governed  or  regulated  in  their  action  by  the  sud  rod,  the  head  of  which 
b  shown  at  I.  The  said  rods;  bars,  cranks,  loops,  and  rim,  may  be  made  of 
iron,  or  other  suitable  material  or  materials,  and  connected  at  their  proper 
places  by  joints  or  otherwise,  (so  aa  to  fix  them  or  allow  their  action,) 
psy  modes  well  known  to  mill-wrights. 

GUBXTT*8  KETHOD  OF  EQUALISIIIG  THE  MOTION  OF  THE  SAILS 

OF  WINOUILLB. 

Mil.  William  Cubitt,  of  North  WalshAm,  Norfolk,  engi- 
.  ncer^  took  out  a  patent  for  this  invention  in  May,  1807,  which 
the  specificauon  thus  describes : 

^  My  invention  consists  in  applying  to  windmills  an  appa- 
ratus or  contrivance  which  shall  cause  the  vanes,  constructed 
or  formed  in  a  new  and  peculiar  manner,  to  regulate  them- 
selves,^ so  as  to  preserve  an  uniform  velocity  under  those 
circumstances  in  which  the  wind  would  otherwise  irregularly 
impel  them,  as  is  the  case  with  the  sails  or  vanes  of  mills  of 
the  present  construction.  I  accomplish  this  object  by  forming 
the  vanes,  (for  the  sake  of  lightness,)  with  fewer  cross  bars  or 
shrouds  than  in  the  como^on  method,  and  filling  up  the 
remaining  open  space  with  small  flat  surfaces,  formed  either  of 
boards  or  sheet  iroo^painted,  or  any  other  fit  substance,  (though 
I  frekr  and  recommend  them  to  be  made  of  a  framing  of 
wood,  covered  over  with  canvass.)  I  hang  or  suspend  the 
same  on  their  ends  by  gudgeons,  pivots,  centres,  or  any  other 
convenient  method,  so  as  to  open  and  shut  like  valves,  (for 
which  reason  I  shall  hereatter  so  call  them,)  preferring 
always  to  have  the  centre  of  motion  as  near  the  upper  longi- 
tudinal edge  of  the  valve  as  possible,  as  shown  in  the  drawiog, 
6  b^  fig.  141,  which  exhibits  a  valve  detached.  I  apply  these 
valves  to  vanes  of  the  present  construction,  by  suspending 
them  to  the  cross  bars  or  shrouds  of  the  vane  by  their  longi- 
tudinal edges,  fastened  thereto  by  joints  or  otherwise,as  may 
be  preferred.  These  vanes,  constructed  of  valves  as  above 
described, and  which  are  represented  in  the  drawing,  fig.  14S« 
present  a  greater  or  less  surface  to  the  wind,  according  as  it 
acts  with  more  or  less  force  on  them;  and  if  the  wind  lie  very 
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Strong  or  high,  the  valves,  by  its  impulse,  would  turn  their 
edges  to  it,  and  their  surfaces  parallel  to  the  direction  of  the 
wind ;  the  vanes  would  consequently  remain  stationary,  or  at 
least  have  but  litde  motion ;  but  to  obviate  this  circumstance 
taking  place,  I  apply  an  apparatus  which  shall  cause  the  valves 
always  to  present  their  flat  surfaces  to  the  wind,  or  such  por- 
tion of  their  surfaces  as  may  be  desirable.  The  apparatus 
which  I  have  usually  applied  is  exhibited  in  the  drawings, 
figs.  143  and  144,  which  last  figure  shows  two  modes  of  per- 
forming this  object;  though  it  must  be  evident  that  various 
other  means  may  be  applied  to  produce  the  same  effect  on  the 
valves,  and  I  therefore  do  not  mean  to  confine  myself  to  those 
precise  modes  of  effecting  it,  but  consider  it  unnecessary' here 
to  detail  others,  as  the  examples  exhibited  in  the  drawings 
fully  ascertain  the  sort  of  apparatus  requisite. 

'*  Fig.  142  represents  a  set  of  vanes,  in  which  A  A  shows  the  \'alves  turned 
to  the  wind,  and  their  surfaces  all  exposed  at  right  angles  with  the  direction 
of  the  wind;  B  B  exhibit  the  vanes  as  close  reefed,  or  the  valves  with  their 
edges  to  the  wind,  so  that  it  can  have  no  effect  upon  them  except  on  their 
edg^s,  which  must  be  trifling.  In  the  drawing,  the  vanes  are  exhibited  as 
having  the  whip  down  the  middle,  with  valves  on  both  sides;  but  it  is  evident 
that  the  vanes  may  be  constructed  with  the  wliip  placed  in  the  usual  way, 
and  have  valves  on  one  side  only,  which  is  the  method  I  usually  adopt  in 
applying  them  to  vanes  of  the  present  form. 

**  Fig.  143  represents  a  side  view  of  tlie  apparatus  for  r^gfulating  tlic 
valves;  and  fig.-  144  is  a  section  of  tlie  same,  exhibiting  two  methods 
of  performing  this  operation.  A  represents  the  shaft,  which  is  bored 
through  its  centre  to  admit  an  iron  rod  B  to  pass  freely  tlirough  it;  one 
end  of  this  rod  is  made  to  turn  in  a  box  C,  which  is  fastened  to  a  toothed 
rack  D,  wliose  teeth  take  into  those  of  a  pinion  E,  upon  the  axis  of  wliich  is 
a  sheave  F,  with  a  groove  on  its  circumference  to  receive  a  rope  G,  to 
which  is  hung  a  weight,  shown  at  H,  fig.  143,  and  which  must  be  sufficient 
to  regulate  the  foi-ce  of  the  wind  upon  the  valves,  though  no  precise 
quantity  of  weight  can  be  herein  specified,  as  the  same  must  be  adjusted 
by  experiment,  or  by  the  quantity  of  work  to  be  performed  by  the  mill. 
On  the  top  of  the  rack  D  is  a  roller  I,  which  serves  to  keep  the  nick  and 
pinion  in  the  proper  depth  of  goer.  The  end  of  the  rod  B,  which  turns  in 
the  box  C,  has  a  knob  or  onion  on  it,  by  which  it  can  be  moved  endwise 
while  it  is  turning  in  the  box  C.  In  the  otlier  end  of  the  rod  is  fixed  a  boss 
or  plate  of  iron  K,  with  a  gudgeon  projecting  from  each  side,  on  which  are 
tlie  bridles  or  leaders  I^  L,  which  permit  the  levers  M  M  to  describe  a 
curve  with  tlieir  ends  while  the  iron  rod  B  moves  in  a  straight  line.  N  N 
are  two  studs  or  props  fixed  to  the  stock  O  of  the  sail;  on  the  ends  of 
which  props  the  levers  M  M  move,  and  communicate  their  motion  to  the 
racks  P  P,  the  teeth  of  which  take  into  tlie  pinions  Q  Q,  on  the  axis  of 
wliich,  (according  to  one  method  herein  exliibitcd,  fig.  145,)  is  fixed  a 
strong  iron  stud  K,  which  is  attached  to  a  rack  or  slider  S.  Iron  studs  or 
levers  are  fixed  at  one  end  in  this  slider  S  by  a  pin  or  gudgeon,  and  at  the 
other  made  fast  to  the  valves  a,  which  move  on  gudgeons  as  before 
described. 

*^  The  other  method  of  regulating  the  valves  is  shown  at 
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extrenitieB  of  the  bnj^treei.  M  M  l^.we  the  three  mill-ftoa^  tend 
NNN  the  iron  spindles  or  arbon  on  wMch  the  tu^nlDg  mill-stoom  aire 
^ed.  D  is  one  of  three  wheels  or  trundes  wMch  are  fixed  on  the  upper 
endk  of  the  spindlee  NKN;  they  are  lj5  inches  in  diameter,  and  each  it 
furnished  with  14  stares;  /  is  one  of  tha  oufti^e-rittls  on  which  the  upper 

Eivot  of  the  spindle  turns,  and  is  four  fsct.  tvd  ivcbes  lonr,  seven  incnes 
road,  and  four  thick.  It  turns  on  an  iitlii,bo)t  at  one  endt  and  the  other 
end  slides  in  a  bracket  fixed  to  one  of  ^'eNJoihts,  and  forms  a  mortise  in 
which  a  wedge  is  driven  to  set  the  nul-^nd  trundle  in  or  out  of  work: 
/is the  horizontal  spar- wheel  that  tmpflt  1)ie  bundles;  it  is  five  feet  six 
inches  in  diameter,  is  fixed  to  the  plmeRdi^salw  shaft  T,  and  is  furnished 
with  42  teeth.    The  perpendicular  snaft-T.ia  nine  feet  bne  inch  long,  and 

14  inches  in  diameter,  having  an  iron' spindle  at  each  of  its  extremities;  the 
under  spindle  turns  in  a  brass  block  fixed  into  the  higher  end  of  the 
column  B;  and  the  upper  spindle  moves  in  a  brass  plate  mserted  into  the 
lower  surface  of  the  carnag^M^  C.  The  spur>wheel  r  is  fixed  on  the 
upper  end  of  the  shaft  ]T»  and  i*  turned  bf  the  crown-wheel  e  on  the 
wind  shaft  e,-  it  is  three  leet  two  inches  in  diameter,  and  is  furnished  witih 

15  cogs.  The  carriage-iail  C,  which  is  fixed  on  the  sliding  keib  Z,  is 
17  feet  3.  inches  long,  one  foot  broad,  and  nine  inches  thick.  T  Y  Q  is  the 
flxcul  keib,  17  feet  ^  inches  ^ameter,  14  inches  broad,  and  10  thick,  and 
is  mortised  into  Uie  posts  AAA,  and  fastened  with  screw-bolts.  The 
sliding  kerb  2  is  of  the  same  diameter  and  breadth  as  the  fixed  kerb,  but  its 
thickness  is  only  7i  inches;  it  revolves  on  12  friction  rollers  fixed  on  the 
upper  surface  of  the  kerb  Y  Y  Q,  and  has  four  iron  half-staple%  Y,  Y,  &c., 
fastened  on  its  outer  edge,  whose  perpendicular  arms  are  10  inches  long, 
two  inches  broad,  and  one  inch  thick,  and  embrace  the  outer  edge  of  the 
fixed  kerb,  to  prevent  the  sliding  one  from  being  blown  off.  The  capsills 
XV  are  13  feet  9  iiu:hes  long,  14  inches  broad,  and  1  foot  thick:  they 
are  fixed  at  each  end  with  strong  iron  screy-bolts  to  the  sliding  kerb, 
and  to  the  carriage-rail  C.  On  the  right  hand  ^  u»  is  seen  the  extremity  of 
a  cross-rail,  which  is  fixed  into  the  capsills  X  V  by  strong  iron  bojtsi  e  is  a 
bracket  5  feet  long,  16  inches  broad,  and  10  inches  thick;'  it  is  bushed  with. 
a  strong'  brass  collar,  in  which  the  inferior  spindle  of  the  windahall  Itais, 
and  is  nxed'to  the  cross<rail  w;  b  is  another  bracket,  seven  feet  long,;  f^ur 
feet  broad,  and  10  inches  thick;  it  is  fixed  into  the  fore  ends  of  the'capnils, 
and  in  order  to  embrace  the  collar  of  the  windshaft,  it  is  divided  into  two 

earts,  which  are  fixed  together  with  screw-bolts.  The  windshaft  e  is  15  feet 
mg,  two  feet  in  ^ameter  at  the  fore  end,  and  18  indies  at  the  other;  ^  its 
pivot  at  Uie  back  end  is  six  inches  diameter;  and  the  shaft  is  perfomiM, 
to  admit  an  iron  rod  to  pass  eanly  through  it.  The  vertical  crown-niief  I  e. 
is  six  feet  in  diameter,  and  is  furnished  with  54  cog^  which  drive  the  spur- 
wheel  r/  tlic  bolster  d,  which  is  sicfeet  three  inches  long,  13  inches  b|ra|id» 
and  half  a  foot  thick,  is  fastened  into  the  cross-rail  w,  directly  under  the' 
centre  of  the  Windshaf^  having  a  brass  pulley  fixed  at  its  fore  end.  On  the 
upper  surface  of  this  bolster  is  a  g^roove  in  which  the  sliding  bolt  R  moves, 
having  a  bmss  stud  at  its  fore  end.  This  sliding  bolt  is  not  distinctly,  seen 
in  the  figure,  but  the  ground  top  of  the  brass  stud  ia  visible  belo#  the 
letter  h;  the  iron  rod  that  passes  throurii  the  windshaft  bears  af^iiiist  Ihia 
brass  stud.  The  slidirig  bolt  is  four  feet  nine  inches  long,  mne  inches 
broad,  and  one-third  of  a  foot  tliick.  At  its  fore  end  is  fixed  a  line  which 
passes  over  the  brass  pulley  in  the  bolster,  and  appears  at.  a  with  a  wof^ 
attached  to  its  extremity,  sufficient  to  make  the  sails  face  the  wind  that  i^ 
strong  enough  for  the  number  of  stones  employed;  and  when  the  pressure 
of  the  wind  is  more  than  sufficient,  the  sails  turn  on  an  edge  and  press- bsttlp 
^e  sliding  bolt,  which  prevents  them  from  moving  with  too  great  velocity*. 
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and  M  soon  as  the  wind  abates,  the  sails,  by  the  weight  a,  are  pressed  up 
to  the  wind  till  its  force  is  sufficient  to  give  the  mill  a  prpper  degree  of 
velocity.  By  this  apparatus  tlie  wind  is  regulated  and  justly  proportioned 
to  the  resistance,  or  work  to  be  performed;  an  uniformity  of  motion  is  also 
obtained,  and  tlic  mill  is  less  liable  to  be  destroyed  by  the  rapidity  of  its 
motion. 

That  the  reader  may  understand  how  tlicse  effects  a^*  produced,  we  have 
represented  in  fig.  148,  the  iron  rod,  and  tlie  arms  whL._  >ear  against  the 
vanes;  a  A  is  the  iron  rod  which  passes  tlirough  the  winS&idf  c,  in  fig.  147; 
A  is  the  extremity  which  moves  in  the  brass  stud  that  is  fixed  upon  the 
sliding  bolt;  a  i,  a  i,  &c.  are  the  cross-arms  at  right  angles  to  a  A,  whose 
extremities  t,  i,  similarly  marked  in  fig.  147,  bear  upon  the  edges  of  the 
^'anes.  The  arms  a  i  are  6^  feet  long,  reckoning  from  tlie  centre  a,  one  foot 
broad  at  the  centre,  and  five  inches  thick;  the  arms  n,  n,  &c.  that  carry  the 
vanes  or  sails,  are  18}  feet  long,  their  greatest  breadth  is  one  foot,  and  their 
thickness  nine  inches,  gradually  diminishing  to  their  extremities,  where  tliey 
are  three  inches  in  diameter.  The  four  cardinal  sails,  m,  m,  m,  m,  are  each, 
13  feet  long,  eight  feet  broad  at  their  outer  end,  and  three  feet  at  their  lower 
extremities;  /?,  /?,  &c.  are  the  four  assistant  sails  which  have  the  same 
■Hmensions  as  the  cardinal  ones,  to  which  they  are  joined  by  the  line  S  S  S  S. 
The  angle  of  the  sairs  inclination  when  first  opposed  to  the  wind  is  45  de- 
grees, and  regularly  the  same  from  end  to  end. 

It  is  evident  from  the  preceding  description  of  this  machine,  that  tlie 
windshafl  e  moves  along  with  the  sails;  the  vertical  crown-wheel  v  impels 
the  spur-wheel  r,  fixed  upon  the  axis  T,  which  carries  also  the  spur-wheel 
/.  This  wheel  drives  the  three  trundles  H,  one  of  which  only  is  seen  in 
the  figure,  which  being  fixed  upon  the  spindles  N,  &c.  conunuiiicate  motion 
to  the  turning  mill-stones. 

That  the  wind  may  act  with  the  greatest  efficacy  upon  the 
sails,  the  windshaft  or  principal  axis  must  always  have  the 
same  direction  as  the  wind.  But  as  this  direction  is  per- 
petually changing,  some  apparatus  is  necessary  for  bringing 
the  windshaft  and  sails  into  their  proper  position.  As  both 
the  common  methods  of  adjusting  the  windshaft  require 
human  assistance,  it  would  be  very  desirable  that  the  same 
effect  should  be  produced  solely  by  the  action  of  the  wind. 
This  may  be  done  by  fixing  a  large  wooden  vane  or  weather- 
cock at  the  extremity  of  a  long  horizontal  arm  which  lies  in 
the  same  vertical  plane  with  the  windshaft.  By  this  means, 
when  the  surface  of  the  vane  and  its  distance  from  the  centre 
of  motion  are  sufficiently  great,  a  very  gentle  breeze  will 
exert  a  sufficient  force  upon  the  vane  to  turn  the  machinery, 
and  will  always  bring  the  sails  and  windshaft  to  their  proper 
position.  This  weathercock,  it  is  evident,  may  be  applied 
either  to  machines  which  have  a  movable  roof,  or  to  those 
which  revolve  upon  a  vertical  arbor.  Prior  to  the  French 
revolution,  windmills  were  more  numerous  in  Holland  and 
the  Netherlands  than  in  any  other  part  of  the  world,  and 
there  they  seem  to  have  been  brought  to  a  very  high  state  of 
perfection.     This  is  evident  not  onlv  from  the  experiments 
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of  Mr.  Smeaton,  from  which  it  appears  that  sails  weathered 
in  the  Dutch  manner  produced  nearly  a  maximum  effect,  but 
also  from  the  observations  of  the  celebrated  Coulomb.  This 
philosopher  examined  above  50  windmills  in  the  neighbour- 
hood of  Lisle,  and  found  that  each  of  them  performed  nearly 
the  same  quantity  of  work  when  the  wind  moved  with  the 
velocity  of  18  or  20  feet  per  second,  though  there  were  some 
trifling  differences  in  the  inclination  of  their  windshafts,  and 
in  the  disposition  of  their  sails.  From  this  fact,  Coulomb 
justly  concluded  that  the  parts  of  the  machine  must  have 
been  so  disposed  as  to  produce  nearly  a  maximum  effect. 

In  the  windmills  on  w*hich  Coulomb^s  experiments  were 
made,  the  distance  from  the  extremity  of  each  sail  to  the 
centre  of  the  windshaft  or  principal  axis  was  33  feet.     The 
sails  were  rectangular,  and  their  width  was  a  litde  more  than 
six  feet,  five  of  which  were  formed  with  cloth  stretched  upo^ 
a  frame,  and  the  remaining  foot  consisted  of  a  very  light  board. 
The  line  which  joined  the  board  and  the  cloth  formed,  on  the 
side  which  faced  the  wind,  an  angle  sensibly  concave  at  the 
commencement  of  the  sail,  which  diminished  gradually  till  it 
vanished  at  its  extremity.  Though  the  surface  of  the  cloth  was 
curved,  it  may  be  regarded  as  composed  of  right  lines  perpen« 
dicular  to  the  arm  or  whip  which  carries  the  frame,  the  extre- 
mities of  these  lines  corresponding  with  the  concave  angle 
formed  by  the  junction  of  the  cloth  and  the  board.  Upon  this 
supposition,  these  right  lines  at  the  commencement  of  the  sail, 
which   was   distant  about  six   feet  from  the  centre  of  the 
windshaft,  formed  an  angle  of  60  degrees  with  the  axis  or 
windshaft,  and  the  lines  at  the  extremity  of  the  wing  formed 
an  angle  increasing  from  78  to  84  degrees,  according  as  the 
inclination  of  the  axis  of  rotation  to  the  horizon  increased 
from  8  to  15  degrees;    or  in   the   mill-\vright*s  terms,  the 
greatest  angle  of  weather  was  30  degrees,  and  the  least  va- 
ried  from  12  to  6  degrees,  as  the  inclination  of  the  windshaft 
varied  from  8  to  15  degrees.     A  pretty  distinct  idea  of  the 
surface  of  windmill  sails  may  be  conveyed  by  conceiving  a 
number  of  triangles  standing  perpendicular  to  the  horizon, 
in  which  the  angle  contained  between  the  hypothenuse  and 
the  base  is  constantly  diminishing ;  the  hypothenuse  of  each 
triangle  will  then  be  in  the  superficies  of  the  vane,  and  they 
would  form  that  superficies  if  their  number  were  infinite. 
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OK   HORIZONTAL   WINDMILLS. 

A  VARIETY  of  opinions  have  been  entertained  respecting 
the  relative  advantages  of  horizontal  and  vertical  windmills. 
Mr.  Smeaton  gives  a  decided  preference  to  the  latter;  but, 
when  he  asserts  that  horizontal  windmills  have  only  one-eighth 
or  one-tenth  of  the  power  of  vertical  ones,  he  certainly  forms 
too  low  an  estimate  of  their  power.  Mr.  Beatson,  on  the  con- 
trary, who  has  a  patent  for  the  construction  of  a  new  hori* 
zontal  windmill,  seems  to  be  prejudiced  in  their  favour.  From 
an  impartial  investigation,  it  will  probably  appear,  that  the 
truth  lies  between  these  two  opposite  opinions ;  but  before 
entering  on  this  discussion,  we  must  first  consider  the  nature 
and  furm  of  horizontal  windmills;  which  we  shall  do  in  pre- 
senting the  reader  with  a  description  of  the  horizontal  mill 
erected  at  Margate  by  Captain  Hooper* 

Fi|^.  149  is  an  upriji^ht  section,  and  d^.  150  a  plan  of  the  buildingf. 
II  H  are  the  side  walls  of  an  octagt)nal  building  which  contains  the 
machinery'.  These  walls  are  surmounted  by  a  strong  timber  ftuning 
G  G,  of  the  same  form  as  the  building,  and  connected  at  top  by  cross- 
framing  to  support  the  roof,  and  also  the  upper  pivot  of  the  mam  vertical 
shaft  A  A,  which  has  three  sets  of  arms,  B  B,  C  C,  D  D,  framed  upon  it  at 
that  part  which  rises  above  the  height  of  the  walls.  The  arms  are  strengthen- 
ed and  supported  by  diagonal  braces,  and  their  extremities  are  bolted  to 
octagonal  wood  frames,  round  which  the  vanes  or  floats  E  E  are  fixed, 
as  seen  in  outline  in  fig.  150,  so  as  to  form  a  large  wheel,  resembling  a 
water-wheel,  which  is  less  than  the  size  of  the  house  by  about  18  inches 
all  round.  This  space  is  occupied  by  a  numlier  of  vertical  boards  or 
bhnds  F  F,  turning  on  pivots  at  top  and  bottom,  and  placed  obliijucly, 
so  as  to  overlap  each  other,  and  completely  shut  out  the  wind,  and  stop 
the  mill,  by  forming  a  close  case  surrounding  the  wheel;  but  they  can 
be  moved  altogether  upon  their  pivots  to  allow  the  wind  to  blow  in  the 
direction  of  a  tangent  upon  the  vanes  on  one  side  of  tlie  wheel,  at  the  time 
the  other  side  is  completely  sliaded  or  defended  by  the  boarding.  The 
position  of  the  blinds  is  clearly  shown  at  F  F,  fig.  150.  At  tlie  lower  end 
of  the  vertical  shaft  A  A,  a  large  spur-wheel  a  a  is  fixed,  which  gives  motion 
to  a  pinion  c,  upon  a  small  vertical  axis  </,  whose  upper  pivot  turns  in  a 
bearing  bolted  to  a  girder  of  the  floor  n.  Above  the  pinion  r,  a  spur- 
wheel  e  is  placed,  to  give  motion  to  two  small  pinions  f,  on  the  upper 
ends  of  the  spindles^,  of  the  mill-stone  h.  Another  pinion  is  situate  at  the 
opposite  aide  of  the  great  spur-wheel  a  a,  to  give  motion  to  a  third  pidr  of 
mill-stones,  which  arc  used  when  the  wind  is  very  strong;  and  then  the 
wheel  turns  so  quick  as  not  to  need  the  extra  wheel  e  to  »ve  the  requisite 
velocity  to  the  stones.  The  weight  of  the  main  vertical  shaft  is  borne  by  a 
strong  timber  b,  having  a  brass  box  placed  on  it  to  receive  the  lower  pivot  of 
the  shaft.  It  is  supported  at  its  ends  by  cross-beams  mortised  into  the  upright 
posts  66,  as  shown  m  the  plan,  fig.  150.  A  floor  or  roof  II  is  thrown  across 
the  top  of  the  brick  building  to  protect  the  machinery  from  the  weather,  and 
to  prevent  the  rain  blowing  down  the  opening  through  which  the  shaft  de- 
scends, a  broad  circular  hoop  K  is  fixed  to  the  floor,  and  is  surrounded  by 
another  hoop  or  case  L,  which  is  fixed  to  the  arms  D  D  of  the  wheel.    Thi^ 
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last  is  of  sucli  a  si/c,  as  exactly  to  go  over  the  hoop  K,  without  toiichiiip:  it 
"when  the  wheel  turns  round.    By  tliU  means,  the  rain  is  completely  exchKle<l 
from  the  upper  room  M,  which  serves  as  a  granan-,  being"  fitted  up  with  the 
bins  m  fR,  to  cont;un  the  diilcrcnt  sorts  of  grain  which  is  raised  up  by  the 
sack-tackle.    A  wheel  i  is  fixed  on  the  main  shaft,  liavin^  co^:^  projecting 
from  both  sides.     Those  at  the  under  side  work  into  a  pinion  on  the  end  of 
the  roUer  K,  which  is  for  the  purpose  of  drawing  up  sacks.    Another  pinion 
is  situated  above  the  wheel  i,  which  has  a  roller  projecting  out  over  the  flap- 
doors  scon  at/7,  in  fig.  150,  to  land  the  sacks  upon.    The  two  pinions  m  m, 
fig.  3  50,  are  turned  by  the  great  wheel  a  ff,  and  arc  for  giving  motion  to  the 
dressing  and  bolting  machmcs,  which  arc  placed  upon  the  floor  N,  but  are 
not  shown  in  the  drawing,  being  exactly  similar  to  the  dressing  machines  used 
in  all  flour  mills.    The  cogs  upon  the  gretX  wheel  a  arc  not  so  broad  as  tlie 
rim  itself,  ha%'ing  a  plain  rim  about  three  inches  broad.    Tliis  is  encompassed 
by  a  broad  iron  noop,  which  is  made  fast  at  one  end  to  the  upright  post  bi 
the  other  being  jointed  to  a  strong  lever  n,  to  the  extreme  end  of  which 
a  purchase  o  is  attached,  and  the  fall  is  maiidc  fiist  to  iron  pins  on  the  top 
of  a  frame  fixed  to  the  g^und.     Tliis  apparatus  answers  the  purpose  of 
the  brake  or  gfripe  used  in  common  windmills  to  stop  their  motion.     By 
pulling  ^c  fall  of  the  purchase  o,  it  causes  the  iron  strap  to  embrace  tlic  great 
wheel,  and  produces  a  resistance  sufficient  to  stop  the  wheel.    The  mill 
can  be  regulated  in  its  motion,  or  stopped  entirely,  by  opening  or  shutting 
the  blinds  F,  which  surround  the  fan-wheel.     They  are  all  moved  at  once  by 
a  circular  ring  of  wood  situated  just  beneath  the  lower  ends  of  the  blinds  upon 
die  floor  1 1,  being  connected  with  each  blind  by  a  short  iron  link.    The  ring 
is  moved  round  by  a  rack  and  spindle  which  descend  into  tlie  mill-room  below» 
for  the  convenience  of  the  miller. 

The  mode  of  i)ring^ng  the  sails  back  against  the  wind,  which  Mr.  Bcatson 
invented,  is,  perhaps,  the  simplest  and  best  for  that  end.  He  makes  each 
sail  A  I,  fig.  151,  to  consist  of  six  or  eight  flaps  or  vanes,  A  P,  &  1,  6  1,  c  2, 
&c.  moving  upon  hinges  represented  by  the  dark  lines,  A  P,  61,  e  2,  &c. 
so  tliat  the  lower  side  A I  of  the  first  flap  wmps  over  the  hing^  or  higher 
side  of  the  second  flap,  and  so  on.  When  the  wind,  therefore,  acts  upon 
the  sail  A  I,  each  flap  will  press  upon  the  hinge  of  the  one  immediately 
below  it,  and  the  whole  surface  of  the  sail  will  be  exposed  to  its  action. 
But  when  the  sail  A I  returns  against  the  wind,  the  flaps  will  revolve  round 
upon  their  hinges,  and  present  only  their  edges  to  the  wind,  as  is  repre- 
sented at  E  (i,  so  that  tlie  resistance  occasioned  by  the  return  of  the  sail 
must  be  greatly  diminished,  and  the  motion  will  be  continued  by  the  great 
superiority  of  force  exerted  upon  the  sails  in  the  position  A  I.  In  com- 
puting the  force  of  the  wind  upon  the  sail  A  I,  and  the  resistance  opposed 
to  it  by  the  edges  of  the  flaps  in  E  G,  Mr.  Bcatson  finds,  that  when  the 
pressure  upon  the  former  is  1872  pounds,  the  resistance  opposed  by  the 
latter  is  only  about  36  pound:!,  or  one -fifty-second  part  of  the  whole  force; 
but  he  neglects  the  action  of  the  wind  upon  the  arms,  C  A,  &c.  and  the 
frames  which  carry  the  sails,  because  they  expose  the  same  surface  in  the 
position  A  I,  .as  in  the  position  E  (i.  This  omission,  however,  has  a  tendency 
to  mislead  us  in  the  present  case,  as  we  shall  now  see;  for  we  ought  to 
com])anr  the  wliole  force  exerted  upon  the  arms,  as  well  as  the  sail,  with 
the  whole  resistance  which  these  arms  and  the  edges  of  the  flaps  oppose 
to  tlie  motion  of  the  windmill.  By  inspecting  the  figure  it  will  appear,  that 
if  the  force  upon  the  edges  of  the  flaps,  which  Mr.  Bcatson  supposed  to  be 
12  in  number,  amounts  to  36  pounds,  the  force  spent  upon  the  bars  C  D, 
D  G,  (i  F,  F  K,  Sac.  cannot  he  less  tlian  60  pounds.  Now,  since  these 
bars  are  acted  upon  with  an  equ:d  force,  when  the  .sails  have  the  position 
A  I,  1872  -4-  60  =  1932  will  be  the  force  exerted  upon  the  sail  A  I  and  its 
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appendages,  while  the  opposite  force  upon  the  ban  and  edges  of  the  flaps 
mrhcn  returning  against  tne  wind  will  be  36  -4-  ^  ^=  ^^  pounds,  which  is 
neariy  one-twentieth  of  1932,  instead  of  one-fifty-second,  as  computed  by  Mr. 
Bcatson.  Hence  we  may  see  the  advantages  which  will  probably  arise  from 
using  a  screen  for  the  returning  sail  initead  of  movable  flaps,  as  it  will  pre- 
serve not  only  the  sails,  but  the  arms  and  the  frame  which  supports  it,  mm 
the  action  of  the  wind.* 

Mr.  Brewster  makes  also  the  following  remark  on  the  com- 
parative power  of  horizontal  and  vertical  windmills.     It  has 
been  already  stated,  that  Mr.  Smeaton  rather  underrated  the 
former  while  he  maintained  that  they  have  only  one-eighth  or 
one-tenth  the  power  of  the  latter.     He  observes,  that  when 
the  vanes  of  a  horizontal  and  a  vertical  mill  are  of  the  same 
dimensions,  the  power  of  the  latter  is  four  times  that  of  the 
former;  because,  in  the  first  case,  only  one  sail  is  acted  upon 
nt  once;  while,  in  the  second  case,  all  the  four  receive  the 
impulse  of  the  wind.    This,  however,  is  not  strictly  true, 
since  the  vertical  sails  are  all  oblique  to  the  direction  of  the 
wind.  Let  us  suppose  that  the  area  of  each  sail  is  100  square 
feet ;  then  the  power  of  the  horizontal  sail  may  be  called 
100  X  sin.'  70^,  (which  is  the  common  angle  of  inclination,) 
=  88  nearly ;  but  since  there  are  four  vertical  sails,  the  power 
of  them  all  will  be  4  x  88  »  352 :  so  that  the  power  of  the 
horizontal  sail  is  to  that  of  the  four  vertical  ones  as  1  to 
3.52,  and  not  as  1  to  4,  according  to  Mr.  Smeaton.     But  Mr. 
Smeaton  also  observes,  that  if  we  consider  the  further  disad- 
vantages which  arises  from  the  difficulty  of  getting  the  sails 
back  against  the  wind,  we  need  not  wonder  if  horizontal 
windmills  have  only  about  I  or  -fV  of  the  common  sort.     We 
have  already  seen  that  the  resistance  occasioned  by  the  return 
of  the  sails  amounts  to  ^^  of  the  whole  force  which  they  re« 
ceived;  by  subtracting  ^V  therefore,  from  -^^7,  we  shall  find 
that  the  power  of  horizontal  windmills  is  only  7:^-^,  or  little 
more  than  one-fourth  less  than  that  of  vertical  ones.     This 
calculation  proceeds  upon  a  supposition  that  the  whole  force 
exerted  upon  vertical  sails  is  employed  in  turning  them  round 
the  axis  of  motion ;  whereas  a  considerable  part  of  this  force 
is  lost  in  pressing  the  pivot  of  the  axis  or  windshaft  against  its 
gudgeon.     Mr.  Smeaton  has  overlooked  this  circumstance, 
otherwise  he  could  never  have  maintained  that  the  power  of 

*  The  sails  of  horizontal  windmills  arc  sometimes  fixed  like  float-boards  on 
the  circumference  of  a  lar^e  drum  or  cylinder.  These  sails  move  upon  hingtis 
so  as  to  8t.ind  at  right  angles  to  the  drum,  when  they  are  to  receive  the  im- 
pulse of  the  wind;  and  when  they  return  against  it,  they  fold  down  upon  iti« 
circumference. 
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four  vertical  sails  was  quadruple  the  power  of  one  horizontal 
sail,  the  dimensions  of  each  being  the  same.  Taking  this 
circumstance  into  the  account,  we  cannot  be  far  wrong  in 
saying  that,  in  theory  at  least,  if  not  in  practice,  the  power 
of  a  horizontal  windmill  is  about  one-third  or  one-fourth  of 
the  power  of  a  vertical  one,  when  the  quantity  of  surface  and 
the  form  of  the  sails  are  the  same,  and  when  all  the  parts  of 
the  horizontal  sails  have  the  same  distance  from  the  axis  of 
motion  as  the  corresponding  parts  of  the  vertical  sails.  But 
if  the  horizontal  sails  have  the  position  A  I,  £  G,  in  fig.  151, 
instead  of  the  position  C  A  dm^  C  Don,  their  effect  will  be 
greatly  increased,  though  the  quantity  of  surface  is  the  same  ; 
because  the  part  C  P  3  m  being  transferred  to  B  1 3  ^,  has  much 
more  power  to  turn  the  sails.  Having  this  method,  there* 
fore,  of  increasing  the  effect  of  horizontal  sails,  which  can- 
not be  applied  to  vertical  ones,  we  would  encourage  every 
attempt  to  improve  their  construction,  as  not  only  laudable  in 
itself,  but  calculated  to  be  of  essential  utilitv  in  a  commercial 
country. — See  Dr.  Brewster's  valuable  Appendix  to  Fergu* 
son's  Lectures, 


FLOUR-MILLS. 

In  fig.  152  we  have  given  a  section  of  a  double  flour-mill^ 
reduced  from  Gray's  Experienced  Mill-wright,  with  the  fol- 
lowing account: 

A  A,  the  water-wbcel.  B  R,  its  shaft  or  axle.  C  C,  a  wheel  fixed  upon 
the  same  shaft,  containing"  9l>  tLclh  or  cog^,  to  drive  the  pinion  No.  1, 
liavingr  23  teeth,  which  is  fastened  \ipon  the  vertical  shaft  D.  No.  2,  a 
wlieel  fixed  upon  the  shaft  I),  containing-  82  teeth,  tu  turn  the  two  pinions 
F  F,  having"  15  teeth,  which  arc  fastened  upon  the  iron  axles  or  spindles 
that  carry  the  two  upper  mill-stonts.  E  E,  the  heam  or  sill  that  support! 
the  fi*anie  on  which  the  under  mill-stones  are  laid.  G  G,  the  cases  or 
boxes  that  enclose  the  upper  mill-stones;  they  should  be  about  two  inches 
distant  from  the  stone  all  round  its  circumference.  T  T,  the  bearers,  called 
bridi'-cs,  upon  which  the  under  end  of  the  iron  spindles  turn.  These 
spindles  pa.ss  upwards  througrh  a  hole  in  the  middle  of  the  nether  niill-stoneti 
in  which  is  fixed  a  wooden  bush  that  their  upper  ends  tiu'n  in.  The  top 
part  of  the  spindles,  above  each  wooden  bush,  is  made  square,  and  goes 
into  a  stpiare  hole  in  an  iron  cross,  which  is  admitted  into  ^oovcs  in  the 
middle  and  under  surface  of  the  upper  mill-stonc.  By  this  means  that  stone 
is  carried  round  along"  with  the  trundles  F  F,  when  turned  by  the  wheel 
No.  2.  One  end  of  the  bridg-cs  T  T  is  put  into  mortises  in  fixed  bearersf 
and  the  other  end  into  mortises  in  the  bearers  that  move  at  one  end  on  iron 
bolt>,  their  other  ends  hanpng-  by  iron  rods  having"  screwed  nuts,  as  U  U; 
so  that  when  turncil  forward  or  backward  they  raise  or  depress  the  upper 
mill-stones,  acconling  as  the  miller  finds  it  necessary.  S  S,  tlie  feeders,  in  the 
under  end  of  each  of  which  is  a  square  socket  that  goes  upon  the  square  of 
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the  spindles  above  the  iron  cross  or  rind,  and  havinj;^  three  or  four  branches 
that  move  the  spout  or  shoe,  and  feed  the  wheat  constantly  from  the 
hoppers  into  the  hole  or  eye  of  the  upper  mill-stone,  where  it  is  introduced 
betwixt  the  stones,  and  by  the  circular  motion  of  the  upper  stone  acquires 
a  centrifugal  force,  and  proceeding  gradually  from  the  eye  of  the  mill- 
stone towards  the  circumference,  is  at  length  thrown  out  in  flour  or  meal. 
K  U,  the  sluice,  machine,  and  handle,  to  raise  the  sluice,  and  let  the  water 
on  the  wheel  A  to  drive  it  round.  No.  3  is  a  wheel  fixed  upon  the  shaft  D, 
containing  44  teetli,  to  turn  the  pinion  No.  4,  having  15  teeth,  which  is 
fiutcned  upon  tlie  horizontal  axle  H.  On  this  axle  is  also  fixed  the 
barrel  K,  on  which  go  the  two  leather  belts  that  turn  the  wire  engine  and 
bolting  mill.  L,  an  iron  spindle,  in  the  under  end  of  which  is  a  square 
socket  that  takes  in  a  square  on  the  top  of  the  g*idgeon  of  the  vertical  shaft 
D.  There  is  a  pinion  M,  of  nine  teeth,  fixed  on  the  upper  end  of  the 
spindle  L,  to  turn  the  wheel  MM,  having  48  teeth,  which  is  fastened 
upon  the  axle  round  which  the  rope  Z  Z  rolls,  to  carry  the  sacks  of  flour  up 
to  the  cooling  benches.  By  pulling  the  cord  0  0a  little,  the  wheel  M  M 
and  its  axle  are  put  into  ntotion,  in  consequence  of  that  wheel  and  its  axle 
being  moved  horizontally,  until  the  teeth  of  the  wheel  are  brought  into 
contact  with  tliose  of  the  pinion  at  the  top  of  the  spindle  L:  and,  on  the 
contrary,  fay  pulling  the  cord  P  P,  the  wheel  M  and  its  axle  are  moved  in 
the  opposite  horizontal  direction,  till  they  are  thrown  out  of  geer  with  the 
pinion,  and  the  rotatory  motion  of  that  wheel  stops.  But  when  the  sack  of 
flour  is  rused  up  to  the  lever  Q,  it  pushes  up  that  end  of  the  lever,  and  of 
cotmc  the  other  end  down;  by  which  means  the  pinion  M  is  disengaged, 
atnd  thus  that  part  of  the  machine  stops  of  itself.  N  N  are  two  large  hoppers, 
into  which  the  clean  wheat  is  put  to  be  conveyed  down  to  the  hoppers  S  S, 
placed  OD  the  frame  immediately  above  the  mill-stones.  WW,  the  side 
wall  of  the  mill-house.  V,  the  couples  or  frame  of  the  roof.  X  X,  windows 
to  listen  the  house. 

Fig.  153  represents  the  surface  of  the  under  grinding  mill-stone;  the  way 
of  la^ng  out  the  roads  or  channels;  the  wooden  bush  fixed  into  the  hole  in 
its  middle,  in  which  the  upper  end  of  the  iron  spindle  turns  round;  and  tlxe 
case  or  hoops  that  surround  ihe  upper  one,  which  ought  to  be  two  inches 
clear  of  the  stone  all  round  its  circumference. 

Fig.  154,  the  upper  grinding  mill-stone,  and  iron  cross  or  rind  in  its  middle; 
in  the  centre  of  which  is  a  square  hole  that  takes  in  a  square  on  the  top  of 
the  iron  spindle,  to  carry  round  the  mill-stone.  When  the  working  sides  or 
£Lces  of  the  mill-stones  are  laid  uppermost,  the  roads,  (or  channels,)  must 
lie  in  the  same  direction  in  both;  so  that  when  the  upper  stone  is  turned 
o%'er,  and  its  surface  laid  upon  the  under  one,  then  the  channels  may  cross 
each  other,  which  assists  in  grinding  and  throwing  out  the  flour,  the  sharp 
edges  of  the  two  furrows  then  cutting  against  each  other  like  scissars.  The 
roads  are  likewise  laid  out  according  to  the  way  the  upper  stunc  rc-volvcs. 
In  those  represented  in  the  figures,  the  running  mill-stone  is  supposed  to 
turn  '*  sunway,*'  or  as  in  what  is  called  a  right-handed  mill:  but  if  the  stone 
revolves  the  other  way,  the  channels  must  be  cut  the  reverse  of  tliis,  and 
then  the  mill  h  termed  a  left-handed  one. 

The  mill-stones  are  of  the  utmost  importance  in  the  con« 
struction  of  flour-mills,  as  upon  them  principally  depends  the 
quality  of  the  meal ;  we  cannot,  therefore,  do  better  than  to 
annex  Mr.  Ferguson's  opinion  upon  them,  as  also  some  sub- 
hcquent  remarks  bv  his  editor,  Dr.  Brewster. 
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The  heavier  the  running  mil^vtODe  is,  and  the  greater  the 
Quantity  of  water  that  falls  iipoif  the  wheel,  so  much  the 
taster  will  the  mill  bear  to  be  led,  and  consequendy,  so  much 
the  more  it  will  grind :  and  on  .|he  contrary,  the,  lighter  the 
stone,  and  the  less  the  quandty  m  water,  so  much  slower  must 
the  feeding  be.  But  when  the  stone  is  Considerably  wore,  and 
become  light,  the  mill  ttiust  be  fed  sloWly  at  any  rate ;  other- 
wise the  stone  will  be.too  much  borne  up  by  the  com  under 
it,  which  will  make  thei  meal  coarse. 

The  quantity  of  power  required  to  turn  a  heavy  mitt-stone , 
IS  but  very  litm  qsore  than  what  is  sufficient  to  turn  a  light 
one :  for  as  it  isaiipported:Upon  the  spindle  by  tbev  bridge- 
tree,  and  the  end  of  the  spindle  that  turns  in  -uie  brass  foot 
dierein  being  but  small,  the  odds  arising  froni  the-  weight  is 
but  jvenr  inconsiderable  in  its  acdon  against  ^  power  or 
force  ox  the  water  r*and,  besides,  a  heavy  iltme  has  the  Mqse 
advantage  as  a  heaf^  fly,  namely,  that  it  regulates  the  mptioii 
much  better  than  a  light  bne. 

In  qrder  to  cut  atid  grind  the:  com,  both  4ic  upfier  Mvii 
under  mtU«stoaea  have  channels  or  liirrows  cat  into  them, 
proceeding  obliquely  from  the  centre  towpurds  the  cireum- 
ference:  and  these  furrows  are  cut  perpendicularly  M  one 
side,  and  obliquely  on  the  other,  into  the  stori^v  which  gives 
each  furrow  a  sharp  edge,  and  in  the  two  stones  they  come, 
as  it  were  against  one  another  like  the  edges  of  a  pair  of 
scissars,  and  so  cut  the  corn,  to  make  it  fiprind  the  easier 
when  it  falls  upon  the  places  between  the  nirrows..  These 
are  cut  the  same  way  in  both  stones  when  they  lie  upon  their 
backs,  which  makes  them  run  cross  ways  to  each  other  when 
the  upper  stone  is  inverted,  by  turning  its  furrowed  sur&ce 
toward  that  of  the  lower.  For,  if  the  furrows  of  both  stones 
lay  the  same  way,  a  great  deal  of  the  corn  would  be  driven 
onward  in  the  lower  furrows,  and  so  come  out  from  between 
the  stones  without  being  either  cut  or  bruised. 

When  the  furrows  become  blunt  and  shallow  by  wearing, 
the  running  stone  must  be  taken  up,  and  both  stones  new 
dressed  widi  a  chisel  and  hammer;  and  every  time  the  stone 
is  taken  up,  there  must  be  some  tallow  put  round  the  spindle 
upon  the  bush,  which  will  soon  be  melted  by  the  heat  the 
spindle  acquires  from  its  turning  and  rubbing  against  the 
bush,  and  so  will  get  in  between  them,  otherwise  the  bush 
would  take  fire  in  a  very  little  time. 

The  bush  must  embrace  the  spindle  quite  close,  to  prevent 
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any  shake  in  the  motion,  which  would  make  some  parts  of 
the  stones  grate  and  fire  against  each  other,  while  other  parts 
of  them  would  be  too  far  asunder,  and  by  that  means  spoil  the 
meal  in  grinding. 

Whenever  the  spindle  wears  the  bush  so  as  to  begin  to 
shake  in  it,  the  stone  must  be  taken  up,  and  a  chisel  drove 
into  several  parts  of  the  bush;  and  when  it  is  taken  out, 
wooden  wedges  must  be  driven  into  the  holes;  by  which 
means  the  bush  will  be  made  to  embrace  the  spindle  close 
all  round  it  again.  In  doing  this,  great  care  must  be  taken 
to  drive  equal  wedges  into  the  bush  on  opposite  sides  of  the 
spindle,  otherwise  it  will  be  thrown  out  of  the  perpendicular, 
and  so  lunder  the  upper  stone  from  being  set  parallel  to  the 
under  one,  which  is  absolutely  necessary  for  making  good 
work.  When  any  accident  of  this  kind  happens,  the  perpen- 
dicular position  of  the  spindle  must  be  restored  by  adjusting 
the  bridge-tree  by  proper  wedges  put  between  it  and  the 
brayer. 

It  often  happens  that  the  rind  is  a  little  wrenched  in  laying 
down  the  upper  stone  upon  it,  or  is  made  to  sink  a  little  lower 
upon  one  side  of  the  spindle  than  upon  the  other ;  and  this 
will  cause  one  edge  of  the  upper  stone  to  drag  all  round  upon 
die  other,  while  the  opposite  edge  will  not  touch.  But  this 
is  easily  set  to  rights,  by  raising  the  stone  a  little  with  a  lever, 
and  putting  bits  of  paper,  cards,  or  thin  chips,  between  the 
rind  and  the  stone. 

The  diameter  of  the  upper  stone  is  generally  about  six  feet, 
the  lower  stone  about  an  inch  more ;  and  the  upper  stone, 
when  new,  contains  about  224  cubic  feet,  which  weighs  some- 
what more  than  19,0CX)  pounds.  A  stone  of  this  diameter 
ought  never  to  go  more  than  60  times  round  in  a  minute,  for 
if  it  turns  faster  it  will  heat  the  meal. 

The  grinding  surface  of  the  under  stone  is  a  little  convex 
from  the  edge  to  the  centre,  and  that  of  the  upper  stone  a 
little  more  concave:  so  that  they  are  farthest  from  one 
another  in  the  middle,  and  come  gradually  nearer  towards 
the  edges.  By  this  means,  the  corn  at  its  first  entrance 
between  the  stones  is  only  bruised ;  but  as  it  goes  farther  on 
towards  the  circumference  or  edge,  it  is  cut  smaller  and 
smaller;  but  at  last  finely  ground  just  before  it  comes  out 
from  between  them."^ 

*  The  upper  mill-stone,  when  six  feet  in  diameter,  is  generally  hollowed 
about  one  inch  at  the  centre;  and  the  under  one  rises  about  three-fourths 
of  an  inch.  The  corn  that  falls  from  the  hopper  insinuates  itself  between 
them  as  far  08  two-thirds  of  the  radius  where  the  grinding  bcg^ins;  th'o 
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When  the  furrows  of  mill*stoncs  are  worn  shallow^  and  con- 
sequently new  dressed  with  the  chisel,  the  same  quantity  of 
•tone  must  be  taken  from  every  part  of  the  grinding  surface, 
that  it  may  have  the  same  convexity  or  concavity  as  before. 
As  the  upper  mill-stone  should  always  have  the  same  weight 
when  its  velocity  remains  unchanged,  it  will  be  necessary  to 
add  to  it  as  much  weight  as  it  lost  in  the  dressing.  This  will  be 
most  conveniently  done  by  covering  its  top  with  a  layer  of  plas- 
ter, of  the  same  diameter  as  the  lavcr  of  stone  taken  from  its 
grinding  surface,  and  as  much  thicker  than  the  layer  of  stone, 
as  the  speciBc  gravity  of  the  stone  exceeds  the  specific  gravity 
of  the  plaster.  That  the  reader  may  have  some  idea  of  the 
manner  in  which  the  furrows,  or  channels,  are  arranged,  we 
have  represented,  fig.  154,  the  grinding  surface  of  the  upper 
mill-stone,  upon  the  supposition  that  it  moves  from  east  to 
west,  or  for  what  is  called  a  right-handed  mill.  When  the 
mill-stone  moves  in  the  opposite  direction,  the  position  of  the 
furrows  must  be  reversed. 

Tn  fig.  156,  we  hare  a  section  of  the  mill-stone,  spindle  and  lantern.  The 
under  mill-stone  M  P  H  G,  which  never  moves,  may  be  of  any  thickness.  Its 
landing  surface  roust  be  of  a  contcsl  form,  the  point  6  being  about  an  inch 
ibore  the  horizontal  line  P  R,  and  M  a  and  P  b  being  straight  lines.  The 
upper  roill-stone  E  F  P  Ikl,  whicli  is  fixed  to  the  spindle  C  Dy  at  C,  and  is 
carried  round  with  it,  should  be  so  hollowed  that  the  angle  O  Ho,  farmed 
by  the  grinding  surfaces,  may  be  of  such  a  size  that  O  n,  being  taken  equal  to 
w*M,  n  .t  may  be  equal  to  the  thickness  of  a  grain  of  com.  The  diameter  O  N  of 
the  mill-cyc  ;/i  C,  should  be  between  8  ami  1-1  inches;  and  the  weight  of  the 
tipper  mill-stone  E  P,  joined  to  the  weight  of  the  spindle  C  1),  and  the  trun- 
dle X,  (the  sum  of  which  three  numbers  is  called  tlic  equipace  of  the  turning 
mill-stone,)  should  never  be  less  thun  1350  pounds avoinlupois,  otherwise  the 
resistance  of  the  grain  would  hour  up  the  mill-stone,  and  the  meal  be  ground 
too  coarse. 

In  order  to  find  tlie  weig-ht  of  the  equipage;  divide  the  third  of  the  radius 
of  the  pulj«:eon  by  the  radius  of  the  water- v.lieel  which  it  supports,  and  hav- 
ing taken  the  quotient  from  '2,25  multiply  ilie  remainder  by  the  expense  of 
the  source,  by  the  relative  fall,  and  by  the  number  19,911,  and  you  ^"ill  have 
a  tirst  quantity,  which  may  be  rcj^Arded  as  pounils.  Multiply  the  square  root 
of  the  relative  fall  by  the  weljrht  of  the  arbor  of  the  water-wheel,  by  the 
radius  of  its  g-udi^eon,  and  by  the  number  IfilT,  and  a  second  quantity  will  be 
had,  whlcli  will  also  represent  pounds.  Divide  the  third  part  of  the  ra<lius  of 
the  guilifvon  by  the  radius  of  the  water-wheel,  anil  Iiavin;r  augmented  the 
quotient  by  unity,  multij^ly  the  sum  by  1005*  and  a  third  quantity  will  be  ob- 
tained. Subtract  the  >eoond  quantity  from  the  first,  divide  the  ri'raaindcr  by 
the  thinl,  and  the  quotient  will  c\prcs:>  the  number  of  pounds  in  the  equipage 
of  the  mill-stone. 

The  weight  of  the  equipage  bein^  thus  found,  extract  its 

distance  between  the  stones  be-n;:  tluTe  about  two-thinls  or  throe -fourths  of 
the  thickness  of  a  grain  wf  corn.  Th's  dist.inc.',  ho\nevi*i%  can  be  altered  at 
pl*»asure,  by  raising  or  sinking  the  upper  s*onc —Z>r.  Br€w;*tfr. 
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square  root,  expressed  in  pounds,  and  multiply  it  by  039, 
and  the  product  will  be  the  radius  of  the  mill-stone  in  feet* 

In  order  to  find  the  weight  and  thickness  of  the  upper  milL» 
stone,  the  following  rules  must  be  observed : 

1.  To  find  tlie  weight  of  a  qiuiiitity  of  stone  e^ual  to  the  mill-eve;  tak# 
^y  auantity  which  feems  most  proper  for  the  weight  of  the  spindle  C  D^ 
and  the  lantern  X,  and  suhtract  this  quanti^  (rom  the  weight  of  the  mill- 
itone's  equipage,  for  k  first  quantity.  Find  the  area  of  the  mOl-eye,  and  mul- 
tiply it  by  the  weight  of  a  cubic  foot  of  stone  of  the  same  kind  as  tike  milV 
-Stone,  AIM  a  second  quantity  will  be  had.  Multiply  the  area  of  the  mill-stone 
hj  the  weight  of  a  cubic  foot  of  the  same  stone,  for  a  third  quantity.  Multi- 
to^  the  first  quantity  by  the  seconds  and  divide  the  product  by  the  third,  and 
me  quotient  will  be  the  weight  reqtured. 

%  To  find  the  number  of  cubic  ieet  in  the  turning  mill-stone  supposing  it 
to  hare  no  eye;  from  the  weight  of  the  spindle  and  lantern  subtract  we  quan- 
tity fiMind  by  the  preceding  rale  for  the  first  number.  Subtract  this  firit 
punbcr  fiom  the  wei^t  of  the  equipage,  and  a  second  number  will  be  obtaift- 
•d>  Dii^  this  second  quantity  by  the  weij^t  of  a  cubic  foot  of  stone  of  thf 
iame  quafity  as  the  mill-stone,  and  the  quotient  will  be  the  number  of  cubig. 
leet  in  E II P  F,  m  C  being  supposed  to  be  filled  up. 

3.  To  find  the  quantities  m  N  and  E  M,  i.  e.  the  thiclmesB  of  themill*stone 
ttt  its  centre  and  cocumferencet  divide  the  solid  content  of  the  n^-stone,  as 
ibond  by  the  precedin|f  mle,  bv  its  area,  and  you  will  have  the  first  quan- 
tity. ".  Add  b  B,  which  is.  gcnerafiy  about  an  incb,  to  twice  the  diameter  of  a 
fgnih  of  oom,  for  a  second  quantity.  Add  the  first  quantity  to  one-third  of 
iiie  secoad,  and  the  sum  will  be  the  thickness  of  the  mill-stone  at  the  drcum- 
toencc.  Subtract  the  third  of  the  second  quantity  from  the  first  quantity, 
and  the  remainder  will  be  its  thickness  at  the  centre. 

The  size  of  the  mill-stone  being  thus  found,  its  velocity  is 
next  to  be  determined.  M.  Fabre  observes,  tliat  the  flour  is 
the  best  possible  when  a  milestone  five  feet  in  diameter  makes 
from  48  to  61  revolutions  in  a  minute.  Mr.  Ferguson  allows 
60  turns  to  a  mill-stone  six  feet  in  diameter;  and  Mr.  Imison 
120  to  a  mill-stone  4i  feet  in  diameter.  In  mills  upon  Mr. 
Imison's  construction,  the  great  heat  that  must  be  generated 
by  Auch  a  rapid  motion  of  the  mill-stone,  must  render  the 
meal  of  a  very  inferior  quality :  much  time,  on  the  contrary, 
will  be  lost,  when  such  a  slow  motion  is  employed  as  is  recom- 
mended by  M.  Fabre  and  Mr.  Furguson.  In  the  best  com- 
tniUs  in  this  country,  a  mill-stone  five  feet  in  diameter  re- 
volves, at  an  average,  90  times  in  a  minute.  The  number  of 
reTolutions  in  a  minute,  therefore,  which  must  be  assigned  to 
mill-stones  of  a  different  size,  may  be  found  by  dividing  450 
by  the  diameter  of  the  mill-stone  in  feet. 

The  spindle  cDy  which  is  commonly  six  feet  long,  may  be  made  either 
of  iipn  or  wood.  When  it  is  of  iron,  and  the  weight  of  the  mill-stone 
7558  pounds  aToirdupois,  it  is  generally  three  inches  in  diameter;  and 
when  made  of  wood,  it  is  10  or  11  inches  in  diameter.  For  mill-stones  of 
a  diffitrcnt  wei|^  the  thickness  oC  the  qpiadk  may  be  found  by  proper- 
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tinning  it  to  tbe  iquorc  root  of  the  mill -stone's  weigbt,  or  wliidi  ii  nearly  the 
•ame  tbing,  to  the  weight  of  the  luiU-alonc'a  equipage. 

The  greatest  (liomeler  of  the  pivot  U,  upon  wliich  the  mill-itone  rests, 
should  be  prciportiontl  to  the  square  root  of  the  equipage,  a  pivot  half  an 
inch  diameter  being  able  to  support  m  equipige  of  5398  pouniU.  In  '  ' 
ino«  machines,  the  diameter  of  ilic  pivot*  ii  by  far  too  large,  being  eapablu 
of  lupporting  a  much  greater  weight  tbsa  they  are  obliged  to  bear.  The 
Action  is  therefore  increaacdi  and  the  perlbrmance  of  the  machine  di- 
minished. 

The  bridge-tree,  A  B,  is  generally  froin  8  to  10  feet  long,  and  should  alwayi  * 
be  elastic,  that  it  may  yield  to  the  oscillatory  motiuii  of  the  mill-Btotie.  When 
its  length  is  nine  feet,  and  the  weiglit  of  llie  equipage  S1S'.3  pounds,  it  should 
be  six  inches  square  i  and  when  the  length  remains  unchang'cd,  and  theequlp- 
■g«  varies,  the  thickness  of  the  hnd^e-tKe  should  be  proportional  to  the  square 
root  of  the  equipage. 

Although  the  mechatiistn  of  a  flour  mill  is  exceedingly 
simple,  the  profitable  manufacture  of  flour  requires  consider- 
able experience  and  attention.  We  shall  therefore  give  a 
sketch  of  the  points  most  particularly  to  be  attended  to  in  such 
manufacture. 

The  wheats  that  grow  in  Essex  and  Kent  make  the  best 
In  choosing  the  wheat  much  attention  should  be  paid 
to  the  thinness  of  the  skin  and  to  its  cleanliness  from  weed- 
Good  wheat  may  be  known  by  its  weight,  which  should  be 
about  62  pounds  per  Winchester  bushel  of  32  quarts.  The 
wheat  to  be  manufactured  into  the  best  flour  should  be  win- 
nowed.  ^ 

The  miller  judges  of  the  quality  of  the  flour  by  feeling  it,     1 
and  accordingly  as  it  is  too  fine  or  too  coarse   regulates  the 
upper  mill-stonc,  or  increases  or  decreases  the  supply  of  grain. 
The  flour  in  grinding  always  acquires  a  slight  warmth,  and    ' 
care  must  be  taken  that  the  warmth  does  not  increase,  or  die      j 
flour  will  be  permanently  injured. 

The  dressing  of  the  flour  is  of  great  importance,  and  too 
much  attention  cannot  be  paid  to  it.     The  bran  should  be  in 
large  flakes  and  free  of  flour.     In  grinding  the  best  wheats,  -^ 
in   the   best  manner,  the  bran  will  amount  to  about  seven 
pounds  per  bushel. 

In  the  process  of  dressing,  the  bran  is  examined  asacrite- 
rioD  to  IcDOv  whether  too  much  flour  be  admitted  upoo  the 
machine.  Care  should  be  taken  to  have  the  brush  screwed 
close  to  the  end  of  this  machine. 

French  stones  of  about  four  feet  in  diameter  ate  expected 
to  grind  about  five  bushels  per  hour- 
Mr,  Thomas  Fenwick,  the  author  of  Four  Essays  ooPrac- 
ticai  Mechanics,  has  made  numerous  experiments  on  some  of 
the  best  mills  for  grinding  com,  in  order  to  form  by  practical 
observation^  a  set  of  tables  iUastrabve  of  i^  effect  of  b  given 
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quantStjr  of  water,  in  a  given  time,  appUed  to  an  overshot- 
whe^l  of  a  given  size. 

The  quantity  of  water  expended  on  the  wheel  was  meatufed 
widi  great  exactness :  the  com  used  was  in  a  medium  state 
ofdiyness;  the  mills,  in  all  their  parts,  were  in  a  medium 
workmg  state ;  the  mill-stones,  making  from  90  to  100  revo* 
lutions  per  minute,  were  from  4i  to  5  feet  in  diameter. 

The  result  of  the  experiments  was,  that  the  power  requisite 
to  raise  a  weight  of  3(X)  pounds  avoirdupois,  with  a  velocity 
of  190  feet  per  minute,  would  grind  one  boll  of  good  rye  in 
one  hour ;  out  for  the  sake  of  making  the  following  tables 
hold  in  practice,  where  imperfection  of  construction  exists 
in  some  small  degree,  he  took  it  at  300  pounds  raised  with 
a  velocity  of  210  feet  per  minute,  (being  -i^^th  more,)  and 
for  grinding  two,  three,  four,  or  five  bolls  per  hour,  requires 
a  power  eaual  to  that  which  could  raise  300  pounds  with  the 
velocity  ot  350, 506, 677,  or  865  feet  per  minute  respectively. 
The  difference  of  the  power  requisite  to  grind  equal  quanu- 
ties  of  wheat  to  that  for  rye  will  be  very  trifling. 

To  enable  the  young  mechanist  to  understand  the  applica- 
lion  of  his  principles,  he  adds,  as  an  illustration,  that  that 
number  of  horses  or  other  applied  power,  which,  by  means 
of  a«  rope,  (considered  as  without  weight,)  passing  over  a 
single  pulley  placed  over  the  mouth  of  a  pit  or  well,  can 
raise  out  of  it  a  load  of  300  pounds  avoirdupois,  at  the  rate 
of  210  feet  per  minute,  will  be  sufficient  to  grind  one  boll  of 
com  per  hour ;  and  that  a  power  which,  in  similar  circum* 
stances,  can  raise  the  same  weight  of  300  pounds  with  a 
velocity  of  350  feet  per  minute,  will  be  able  to  grind  two 
bolls  of  com  per  hour,  and  so  on. 

Having  made  some  experiments  to  ascertain  the  friction  of 
a  mill,  when  going  with  velocity  sufficient  to  grind  two  bolls 
of  com  per  hour,  he  relates  the  manner  in  which  he  made 
them,  that  the  reader  may  be  able  to  judge  of  the  accuracy  of 
his  deductions. 

The  mill  was  made  quite  clear  of  com,  and  the  upper 
mill-stone  rsused  so  that  it  would  touch  as  little  as  possible 
on  the  under  stone  in  its  revolutions }  then  such  a  quantity 
of  water  was  admitted  to  flow  on  the  water-wheel,  as  to  give 
the  mill,  when  empty,  the  same  velocity  it  had  when  grinding 
com  at  the  rate  of  two  bolls  per  hour,  which  quantity  of 
water  was  sufficient  to  raise  a  load  of  300  pounds  widi 
a  veloci^  of  100  feet  per  minute,  which  was  therefbre  con- 
sidered by  liim  as  the  measure  of  the  fnctibn.  Now  as  the 
power  requisite  to  grind  two  boUs  of  com  per  hour,  tncludmg 
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the  friction  of  the  mill,  is  equal  to  that  which  can  raise 
a  weight  of  300  pounds  with  a  velocity  of  350  feet  per 
minute,  and  the  friction  of  the  moving  parts  of  the  mill  it 
equal  to  a  power  which  would  raise  300  pounds  with  a 
velocity  of  100  feet  per  minute ;  therefore  tne  difference  of 
the  two,  which  is  300  pounds  raised  with  the  velocity  of 
250  feet  per  minute,  is  equal  to  the  power  employed  in  the 
actual  grmding  of  the  corn,  which  is  about  two-thirds  of  the 
whole. 

The  power  equal  to  raise  a  weight  of  300  pounds  avoir- 
dupois, with  a  velocity  of  390  feet  per  minute,  will  prepare 
properly  one  ton  of  old  rope  per  week,  for  the  purpose  of 
making  paper :  and,  for  preparing  in  like  manner,  two  tons  of 
the  same  kind  of  materials  per  week,  requires  a  power  equal 
to  raise  300  pounds  with  a  velocity  of  525  feet  per  minute, 
the  miU  working  from  10  to  12  hours  per  day. 


Tables^  showing'  the  quantity  of  water^  (ak  measure^)  requisite 
to  grind  different  quantities  of  corny  from  one  to  five  bollsj 
(Winchester  measure^)  per  hour,  applied  on  overshot  water" 
wheels  from  10  to  32  feet  diameter;  also  the  size  of  the  cylin* 
der  of  the  common  steam-engine  to  do  the  same  work* 


The 

water-wheel,  10  feet 

The 

water-wheel,  11  feet, 

diameter. 

diameter. 

Dolls  of 

corn 

ground 

per  hour. 

Quantity  of 
water  requi- 
site, in  aJe 
gallons,  per 
minute. 

Diameter  of 
the  cylinder  of 
a  steam-engine 
to  do  the  same 
work,  in  inches. 

1 

i  Bolls  of 

com 

ground 

per  hour. 

Quantity  of 

water  requi- 

site,  m  ale 

gallons,  per 

minute. 

Diameter  of 
the  cylinder  of 
,a  steam-engine 
|to  do  the  same 
work,  in  inches. 

1 

786 

12.5 

1 

705 

12.5 

u 

1056 

14.6 

n 

945 

14.6 

2 

1341 

16.75 

2 

1188 

16.75 

2i 

1617 

18.5 

2J 

1454 

18.5 

3 

1894 

20.2 

3 

1723 

20.2 

31 

2220 

21.75 

3J 

2014 

21.75 

4 

2541 

23.25 

4 

2306 

23.25 

4i 

2891 

24.75 

4i 

2626 

24.75 

5 

3242 

26.25 

5 

2944 

26.25 
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The  water-wheel,  12  feet 
diameter. 


Biribof 


gfoond 


Qaantttyofj  Diimeterof 
water  TCoui-  the  cyUnder  of 
nte,  in  ale  !a  steam-eni^ne 


l^ona,  per 
minute. 


1 

u 


to  do  the  same 
work,  in  inches, 


S 

3i 

4 

5 


655 

1091 
1343 
15^6 
1840 
21ir 
2408 

2roo 


12.5 

14.6 

16.75 

18.5 

20.2 

21.75 

23.25 

24.75 

26.25 


The  water-wheel,  14  feet 
diameter. 


Bolls  of 

com 

Cptnmd 

per  hour, 


The  water-wheel,  13  feet 
diameter. 


Bolli» 
per  hour. 


1 

li 

2 

2i 

3 

31 

4 

4i 

5 


Water, 

gallons  per 

minute. 


606 
806 
1009 
1234 
1458 
1705 
1952 
2223 
2494 


Cylinder,  in 
inches. 


12.5 

14.6 

16.75 

18.5 

20.2 

21.75 

23.25 

24.75 

26.25 


1 

li 

2 

2i 

3 

31 

4 

4i 

5 


Quanti^ofi   Diameter  of 


water  requi- 
ate,  in  ale 


the  cylinder  of 
a  steam-engine 


gallons,  per  to  do  the  same 
nunute.      work,  in  inches 


564 
740 
927 
1140 
1353 
1583 
1811 
2060 
'2306 


12.5 

14.6 

16.75 

18.5 

20.2 

21.75 

23.25 

24.75 

26.25 


Bolls, 
per  hour. 


The  water-wheel,  15  feet 
diameter. 


Water, 

gallons  per 

minute. 


Cylinder,  in 
inches. 


1 

535 

12.5 

IJ 

710 

14.6 

2 

894 

16.75 

24 

1090 

18.5 

3 

1290 

20.2 

3J 

1503 

21.75 

4 

1717 

23.25 

4i 

1967 

24.75 

5 

2211 

26.25 
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kC 

water-wheel,  16  feet 

The 

waler-wheel,  18  feet 

diameter. 

diameter. 

Quantity  of 

Quantiiy  of 

DiwnetCT  of 

Ihe  cylinder  of 

water  requi- 

the cylinder  of 

per hour 

site,  in  ale 

to  do  the  tunc 
work,  in  inches 

ground 
per hour 

site,  in  lie 

to  do  the  same 
work,  in  inches. 

1 

491 

12.5 

1 

410 

12.5 

H 

650 

14.6 

14 

595 

14.6 

2 

811 

16.75 

2 

730 

16.75 

2i 

993 

18.5 

2i 

860 

18.5 

3 

11?6 

20.2 

3 

1054 

20.2 

34 

1380 

21.75 

31 

1227 

21.75 

4 

15S2 

23,25 

4 

1400 

23.25 

*i 

1802 

24.75 

41 

1600 

24.75 

5 

2023 

26.25 

5 

1800 

26.25 

The 

watcT-whecl,  17  feet 

The 

water-wheel,  19  feet 

diameter. 

diameter. 

per hour 

W»ter, 
gallons  per 
minute. 

Cylinder,  in 
inclics. 

Bolts, 

per  hour. 

Water. 

gulloni  per 

Cylinder,  in 
inches. 

, 

458 

12.5 

1 

411 

13.5 

14 

628 

14.6 

14 

550 

14.6 

2 

770 

16.75 

2 

690 

16.75 

24 

943 

18.5 

21 

845 

18.5 

3 

1117 

20.2 

3 

1000 

20.2 

34 

1300 

21.75 

31 

1165 

21.75 

4 

1482 

23.25 

4 

1330 

23.25 

44 

1695 

24.75 

41 

1517 

24.75 

5 

1906 

26.25 

5 

iror 

26.25 
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The 

water-wheel,  20  feet 

The  water-wheel,  22  feet 

diameter. 

diameter. 

BoUad' 
ground 

Quantity  of 

site,  in  alo 
gallons,  per 

DiameteT  of 
the  cylinder  of 

a  Btcam-enginc 
lo  do  Ihc  same 
work,mmche< 

floUaof 

ground 

per hour 

Quantity  of 
water  requi 

site,  in  ale 
pJloas,  per 

DUmeler  of 
the  cylinder  of 
a  rteam.engine 
to  do  the  uime 
work,  in  incbet 

1 

393 

12.5 

1 

350 

12.5 

u 

530 

14.6 

li 

473 

14.6 

2 

675 

16.75 

2 

594 

16.75 

24 

aoa 

18.5 

al 

722 

18.5 

3 

945 

20.2   , 

s 

860 

20.2 

3) 

1110 

21.75 

3i 

1007 

21.75 

4 

1270 

23.25     . 

.  4 

1153 

23.25 

4i 

1445 

24.75 

4i 

1313 

24.75 

S 

1623 

26.25 

5 

1472 

26.25 

The 

water-wheel,  21  feet 

The  water-wheel,  23  feet 

diameter. 

diameter. 

* 

BoIIb, 
>erhour 

Water, 

minute. 

CrUtider,  ia 
inche*. 

BoIU. 
per hour 

Water, 

pUlons  per 
minute. 

Cylinder,  in 

1 

370 

12.5 

1 

338 

12.5 

u 

5O0 

14.6 

1ft 

454 

14.6 

2 

635 

16.75 

2 

570 

16.75 

2i 

767 

18.5 

2b 

707 

18.5 

3 

900 

20.2 

3 

824 

20.2 

31 

1060 

21.75 

31 

964 

21.75 

4 

1212 

23.25 

4 

1124 

23.25 

ii 

1379 

24.75 

*i 

1258 

24.75 

5 

1547 

26.25 

S 

1412 

26.25 
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The  vratei^wfaeel,  34  feet 

The 

water-wheel,  26  feet 

diameter. 

diameter. 

'""'■"'  water  reqiu- 

Diameter  of 

Bolbof 

Quantity  of 

Ihecyfroderof 

water  Tcqui 

Ibe  cylinder  of 

B  iteun-cn^lne 

ground 
pel- hour. 

Kite,  ill  ale 

a  Bteam-enKine 

purhuur 

gBllons,  per 

to  do  the  lamc 
«ork,LnmchcB. 

piUoos,  per 

to  do  the  »ine 

work,  in  inches, 

1 

327 

12.5 

1 

303 

12.5 

1* 

436 

14.6 

li 

403 

14.6 

2 

545 

16.75 

s 

504. 

16.75 

2i 

671 

18.5 

24 

617 

18.5 

3 

788 

20.2 

3 

730 

20.2 

3i 

920 

21.75 

a 

853 

SI  .75 

4 

1050 

23.25 

■     4 

974 

23.35 

4} 

I204 

24.75 

44 

nil 

34.75 

5 

1350 

26.25 

5 

1247 

36.35 

The  water-wheel,  25  ttet 

The  water-wheel,  27  feet    ) 

diameter. 

diameter. 

boHb, 

Water, 
gallons  per 

Cylinder,  in 

inches. 

Bolls. 

Wstcr, 
^lons  per 
mttiute. 

Cylinder,  in 
inches. 

1 

316 

12.5 

1 

293 

12.5 

14 

418 

14.6 

li 

385 

14.6 

2 

520 

16.75 

2 

483 

16.75 

21 

635 

18.5 

21 

593 

18.5 

3 

752 

20.2 

3 

703 

20.2 

34 

876 

21.75 

33 

822 

21.75 

4 

985 

23.25 

4 

940 

23.25 

4i 

1150 

24.75 

44 

1070 

24.75 

5 

1300 

26.25 

__1^ 

1200 

26.25 
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The  water-wheel,  28  feet 
diameter. 

1     The  watcr-whecl,  30  feet 
diameter. 

Boos  of 

ground 
per  how 

Qusntitj  of 
watcf  requi 

site,  in  ale 
gallons,  per 

the  cylinder  of 
a  ateun-cngine 
to  do  the  uunc 
worh.in  inches 

Bolls  of 

ground 
per hour 

QmtitJty  ol 

water  requi 
Mte,  in  Je 
g«llons,  per 

Diuneter  of 
Ihc  cylinder  of 
a  sleam^ngine 
to  do  the  same 
work,  ininchcE. 

1 

14 
2 
2i 
3 
3» 
4 
41 
5 

282 
370 
463 
570 

ere 

791 
905 
1030 
1153 

12.5 
14.6 
16.75 
1B.5 
20.2 
21.75 
23.25 
24,75 
26.25 

1 

u 

2 
21 
3 
3j 
4 
*i 
5 

367 
355 
447 
545 
645 
750 
858 
983 
1106 

12.5 
14.6 
16.75 
18.5 
20.2 
21.75 
23.25 
24.75 
26.25 

The  water-wheel,  29  feet 
diameter. 

The  water-wheel,  31  feet 
diameter. 

Bolb, 

per  hour. 

W.t«r, 

rJlon*  per 
minute. 

Cylinder,  in 
inchee. 

BoUi, 
per hour 

Water, 
gallons  per 

Cylinder,  in 

inches. 

1 

Ih 
2 
2i 
3 
31 
4 
4) 
5 

274 

ses 

455 
557 
660 
770 
880 
lOOS 
1130 

12.5 
14.6 
16.75 
18.5 
20.2 
21.75 
23.25 
24,75 

ae.25 

1 

14 

2 

2) 

3 

31 

4 

4i 

5 

256 
340 
426 
520 
620 
717 
827 
940 
1058 
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The  water-wheel,  32  feet     | 

diameter. 

Boll*  of 

ftnuititrof 

IJiMMtCTof 

nte,  iaide 
g»UoM,per 

Dte<7lhidM  a 

perhour 

to  do  the  Mine 
woik,uiinche«. 

1 

245 

12.5 

Ih 

325 

14.6 

a 

406 

16.75 

Si 

496 

18.S 

3 

588 

20.2 

H 

690 

81.75 

4 

791 

as  .25 

4i 

900 

24.75 

5 

1013 

a6.25 

To  make  the  foregoing  tables  applicable  to  mills  intended 
to  be  turned  by  undershot  or  breast  water-wheels :  from 
Smeaton's  experiments  it  appears  that  the  power  required 
on  an  undershot  water-wheel,  to  produce  an  effect  equal  to 
that  of  an  overshot,  (to  which  the  tables  are  applicable,}  is  as 
2.4  to  one ;  and  also  the  power  required  on  a  breast  water- 
wheel,  which  receives  the  water  on  some  point  of  its  circum- 
ference, and  afterwards  descends  on  the  ladle  boards,  to 
produce  an  equal  effect  with  an  overshot  water-wheel,  is  as 
1.75  to  1. 
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!  Tt^ky  Mhotoirtff  the  necessary  size  of  the  cylintier  of  (he  com- 
wan  tteam'tngine  to  grind  different  quantities  of  corn,  from 
■\  to  IJ  MUy  (4  to  48   bushels    Winchester  measure,}  per 


Bolls  of 

com 

the  cylinder  of 

»  stcam^ngine 

per 

o  do  the  Mine 

hour. 

work,  in  inclica. 

1 

12.5 

u 

14.6 

2 

16.75 

3ft 

18.5 

3 

30.2 

3J 

21.75 

4 

83.35 

41 

24.75 

S 

26.25 

5i 

27.25 

6 

28.1 

61 

29. 

7 

29.8 

71 

31.1 

8 

32. 

8i 

33.3 

9 

34.2 

91 

35.2 

10 

36. 

101 

37.3 

n 

38. 

Hi 

38.85 

12 

39.5 

N.  B,  This  table  will  be  applicable  to  any  improved  steam- 
ngine,  as  well  as  that  of  the  common  kind,  if  the  ratio  of 
heir  efficacies  be  known. 

APPLICATION  OF  THE  TABLES. 

Eiufru  I. — If  a  itravn  of  water,  produdne  SOSgaUaru,  ale  mearurt,  per 
winule,  an  be  i^tied  to  an  ottnhat  toaler-whtel  20  fiet  Jiameter,  lohal  gium- 
'^S  of  com  will  it  be  oUe  to  grind  per  hovrf 
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Look  in  the  tables  under  jl  20  Tect  wilcr-n  licci,  and  oppoiile  808  gaUunit 
will  be  found  3}  bolls  of  earn  ground  per  hour. 

EuHPLi:  11- — tf  a  stream  ofwaler  produdn^  808  golUmit,  ak  ntanire,  per 
minute,  can  be  applied  to  an  uiuUnhot  waleF-wAeet  20  Jiel  diameUr,  wMai  guan- 
lili/  of  corn  eon  il  griiul  per  hoar? 

It  IS  found  by  the  tables,  that,  if  applied  on  an  ovenbot  water-wheel  20 
feet  diameter,  the  stream  will  grind  2  j  bolls  per  hoiiTi  and  from  page  156, 
Uic  power  rci|iiired  by  the  undershot  to  that  of  the  overshot  water-wlieel,  la 
produce  an  equal  effect,  is  as  2.4  to  I;  thuefore,  as  2.4  :  1  :  2,5  :  IXMboUi 
of  com  ground  per  hour  by  sicuis  of  the  stream. 

EiiHrLi  in. — If  a  stream  of  water,  producing  808  enOona,  ale  meaxurttper 
laimilc,  can  ht  applied  on  a  braul  toater-uikeel  30  feet  diameta-,  what  qmaitit}/ 
of  com  can  it  grind  per  Aovr7 

It  is  found  by  the  tables,  that,  !f  applied  to  an  overshot  water-wheel  of 
equal  size,  3  J  bolls  of  com  will  be  ground  per  houri  and  from  page  156,  the 
power  of  a  breast  wnter-wheel  to  that  of  on  overshot  water-wheel,  to  produce 
an  equal  effect,  is  as  1.79  <o  1;  therefore,  as  1.75  :1:  -.2.5  :  1.43  bolU  of 
com  ground  per  hour  by  the  stream. 

EttHn-E  IV. — Of  what  diameter  mial  the  eyUndor  of  a  oommim  tttam-^ngiax 
be  made,  to  grind  10  boUi  bf  com  per  hour!' 

By  looking  on  the  table,  page  157,  opposite  10  bolls  ground  per  hour,  the 
diameter  of  uic  stcas)  cylinder  will  be  found  to  be  36  inches. 

FAMILY  MILL  AND  BOLTER. 

As  a  family  mill  and  bolter  cannot  but  be  highly  useful  ia 
many  situations,  we  shall  give  a  description  of  one  or  two, 
beginning  with  that  invented  by  Mr.  T.  Rustall,  of  Purbrook- 
heath,  near  Portsmouth,  who  received  a  premium  of  forty 
guineas  from  the  Society  of  Arts  for  his  invention. 

In  fig.  157,  A  is  the  handle  of  the  mllli  B  one  of  the  mill'ttOQes, 
which  is  about  30  inches  in  diameter,  and  five  inches  in  thickness,  moving 
with  its  axis  C;  D  is  the  other  mill-stone,  which,  when  in  use,  is  itationaiyi 
but  which  may  be  placed  near  to  or  at  a  distance  from  the  movable  atone 
B,  by  means  of  three  screws  passing  through  the  wooden  block  £,  that 
Buppurts  one  end  of  the  axis  C,  after  it  has  been  put  through  a  hole  or 
perforation  in  the  bed-stone.  The  gtun  likewise  passes  through  this 
perforation,  from  the  hopper  F,  into  the  mill.  F  represents  the  bopper, 
which  is  agitated  by  two  iron  pins  on  the  axis  C,  that  alternately  raise  the 
vessel  contaiiung  the  grain,  which  again  unks  by  its  own  weight.  In 
consequence  of  this  motion  the  com  is  conveyed  throu^  a  ipout  that 
passes  from  such  hopper  into  the  centre  of  the  mill  behind,  and  through 
the  bed-stone  D.  G,  a  paddle,  regidating  the  quantity  of  com  to  be 
delivered  to  the  miU,  and  by  raising  or  lowering  which,  a  larger  or  smaller 
proportion  of  grain  may  be  fumi^dj  H,  the  receptacle  for  the  flour,  into 
which  it  falls  from  the  mill-stones,  when  ground;  I  represents  one  of  the 
wooden  supporters  on  wluch  the  bed-atone,  D,  rests.  These  are  screwed 
to  the  block  E,  and  likewise  mortised  into  the  lower  frame-work  of  th* 
mill  at  K,  which  is  connected  by  means  of  the  pins  or  wedges,  L,  L,  I, 
that  admit  the  whole  mill  to  be  easily  taken  to  pieces;  M,  a  fty-wheel, 
placed  at  the  farthest  extremity  of  the  axis  C,  and  on  which  another  handle 
may  be  occasionally  fixedi  N,  a  small  rail,  serving  to  keep  the  hopper  in 
its  place,  the  furthest  part  o(  such  hopper  resting  on  a  small  pin,  which 
admits  of  luRicient  motion  for  that  vessel  to  slu£e  forward  the  com;  O, 


^.  :■  ■<■■■■ 


AND  MACHINIST.  ISQ 

a  tpurai],  for  streng^enin;  the  frame-work  of  the  mill;  P,  the  front 
aptigbtf  tibat  is  mortised  into  the  frame-work,  and  serves  as  a  rest  for  the 
end.  of  the  iron  axis  C,  which  is  next  to  the  handle.  On  each  extremity 
of  jodl  axis  there  is  a  shoulder,  which  keeps  it  steady  in  its  place.  Lastly, 
Ihcie  is  m  cloth  hood  fixed  to  a  broad  wooden  hoop,  which  is  plated  over 
the  stcnies  while  working,  to  prevent  the  finer  particles  of  flour  from 
eacHDiniP. 

nj^.  158  represents  the  bolter,  with  its  front  removed,  in  order  to  display 
its  interior  structure;  the  machine  being  3  feet  10  inches  in  len|^,  and 
in  iachea  in  breadth,  and  18  inches  in  deoth.  A  is  a  movable  partition, 
iB&ag  about  (bur  feet  backwards  or  forwaros  from  the  centre  of  the  box, 
vpoa  two  wooden  ribs,  which  are  fixed  to  the  back  and  front  of  the  box, 
wA  one  of  which  is  delineated  at  the  letter  B;  C,  the  lid  of  the  bolter, 
imeaented  open;  D,  a  slider,  which  is  movable  in  a  groove  made  in  the 
Ut  by  means  of  two  handles  in  the  back  of  such  lid;  £,  a  forked  iron,  fixed 
in  the  slider  D,  and  which,  when  the  lid  is  shut,  takes  hold  of  the  sieve  F, 
ud  moves  it  backwards  and  forwards  on  the  wooden  ribs  B,  according  to 
iie  agitation  of  the  slider;  G  represents  a  fixed  partition  in  the  lower  centre 
of  the  box,  which  it  divides  into  two  parts,  in  order  to  separate  the  fine 
from  the  coarse  flour;  from  this  partition  the  slider  A  moves  each  way 
about  four  inches^  and  thus  afToras  room  for  working  the  sieve;  H  a  board 
that  is  parallel  to  the  bottom  of  the  bolter,  and  forms  part  of  the  slider  A; 
tlua  bond  serves  to  prevent  any  of  the  sifted  matter  nrom  falling  into  the 
other  partition;  I  represents  two  of  the  back  feet  which  support  the 
bolter.  . 

PSg.  159  is  a  view  of  the  top  or  upper  part  of  the  lid  of  the  bolter;  R  the 
sfider  that  moves  the  lengthwise  of  the  bolter;  L  L  the  handles  by  which  the 
Ader  tk  woricedi  M,  a  screw,  serving  to  hold  the  fork,  which  imparts  motion 
totheBeve. 

fig.  160  represents  the  forked  bron,  £,  separately  from  the  lid. 

Both  the  mill  and  bolter  may  be  constructed  at  a  moderate 
expense,  and  they  occupy  only  a  small  space  of  ground.  The 
former  may  even  be  worked  in  a  public  kitchen,  or  within  a 
room  in  a  farm-house,  without  occasioning  any  great-  encum- 
brance* 

The  particular  excellence  of  this  mill  consists  in  this  cir- 
cumstance, that,  from  the  vertical  position  of  its  stones,  it 
may  be  put  in  action  without  the  intervention  of  cogs  or 
wheels.  It  may  be  employed  in  the  grinding  of  malt,  the 
bruising  of  oats  for  horses,  and  for  making  flour,  or  for  all 
these  purposes:  it  likewise  may  be  easily  altered,  so  as  to 

J  find  either  of  those  articles  to  a  greater  or  less  degree  of 
neness. 
Another  advantage  peculiar  to  Mr.  Rustall's  contrivance 
is,  that  one  man  is  sufficient  to  work  it;  though,  if  two 
persons,  namely,  a  man  and  a  boy,  be  employed,  they  will  be 
able  to  produce,  in  the  course  oif  two  hours,  a  quantity  of 
flour  sufficient  to  serve  a  family,  consisting  of  six  or  eight 
persons,  for  a  whole  week: — repeated  satisfactory  trials  have 
proved  that  this  mill  grinds  the  corn  completely,  and  at  the 
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rate  of  one  bushel  of  wheat  within  the  hour.  Besides,  the 
industrious  farmer  will  thus  be  enabled  to  make  comparative 
experiments  on  the  quality  of  his  grain,  and  may  furnish  him- 
self, at  a  trifling  expense,  with  flour  from  his  own  wheat,  with- 
out apprehending  any  adulteration,  or  without  being  exposed 
to  the  impositions  or  caprice  of  fraudulent  and  avaricious 
millers. 

Lastly,  though  Mr.  Rustall's  bolter  be  more  particularly 
calculated  for  sifting  flour,  it  may  also  be  applied  to  various 
other  useful  purposes,  and  especially  with  a  view  to  obviate 
the  inconveniences  necessarily  attendant  on  the  levigation  of 
noxious  substances,  and  to  prevent  the  waste  of  their  finer 

order  to  reduce  the  labour  in  grinding,  and  to  adjust 
>.  wer  to  the  acquired  force,  and  also  to  simplify  mill- 

n  and   grinding,  and  to  reduce  the  expense  attendant 

u)  ,»cm,  so  as  to  enable  the  farmer  and  housekeeper  to  be 
inoependent  of  the  miller's  system  of  grinding,  Mr-  George 
Smart,  of  the  Ordnance-wharf,  Westminster-bridge,  in  April 
1814,  obtained  a  patent  for  certain  improvements  in  macbinerv 
rorgrindingcom,and  various  other  articles,  by  means  of  whicu 
every  article  required  to  be  broke  or  ground  is  exposed  to  ths  ' 
application  of  rubbers  or  crushers,  resting  on  their  fulcrunnS,  ' 
and  pressed  against  the  revolving  body  by  means  of  levers, 
weights,  or  springs.  The  rubbers,  or  crushers,  each  acting 
on  a  separate  axle,  will  admit  of  any  irregular  surface,  from 
a  square  to  a  circle,  to  revolve  against  them,  as  each  can  be 
loaded  more  or  less,  by  moving  the  weights  on  the  levers  fur- 
ther from,  or  nearer  to,  the  fulcrum;  or,  if  with  springs,  by 
screwing  them  more  or  less  down.  The  rubbers  or  crushers 
may  be  plain,  grooved,  circular-sided,  concave,  or  any  other 
figure  best  adapted  for  the  substance  to  be  broke  or  ground. 
The  square  or  octagon  are  best  adapted  for  breaking  cement- 
stones,  bones  for  manure,  chalk,  mixing  clay,  mortar,  S;c 
For  breaking  malt,  beans.  Sic.  one  crusher  only  is  wanted; 
but  for  wheat,  oats,  barley,  rice,  or  any  flour,  or  meal,  the 
more  rubbers  or  crushers  the  finer  the  article  will  be  ground,' 
and  the  more  flats  there  are  on  the  revolving  body,  the  more 
crushers  can  be  applied  to  advantage. 


Are  moat  commonly  used  in  grinding  coffee  and  spic" 
but  they  are  sometimes  made  of  a  larger  size,  and  use(' 
grind  wheat,  malt,  8(c-;  in  such  cases  the  hand  is  generi 
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applied  to  a  winch  handle.  In  Bockler's  Theatrum  Machina^ 
rum  there  is  a  dcrscription  of  a  mill,  in  which  the  effort  of  a 
man  is  applied  to  a  lever  moving  to  and  fro  horizontally, 
nearly  as  in  the  action  of  rowing:  as  this  is  a  very  advantage- 
gns  method  of  applying  human  strength,  the  effort  being 
.greatly  assisted  by  the  heaviness  of  the  man  in  leaning  back, 
we  shall  give  a  brief  description  of  it. 

It  if  represented  in  fig'.  161.  The  vertical  shaft  E  G  carries  a  toothed 
vheel  C|  and  a  solid  wheel  F;  the  latter  being  intended  to  operate  as  arc|^- 
ladng  fly.  Upon  the  crank  A  B  hangs  one  end  of  an  iron  I,  the  other  end 
of  which  hangs  upon  the  lever  H  K,  the  motion  being  pretty  free  at  both 
nfli  of  this  Bar  I.  One  end  of  the  lever  H  K  hang^  upou  the  fixed  hook 
K,  about  which,  as  a  centre  of  motion,  it  turns.  Then,  while  a  man,  by 
pulling  at  the  lever  H  K,  moves  the  extremity  11  from  H  to  N,  the  bar  I  act- 
ing upon  the  crank  A  B  gives  to  the  wheels  C  and  F  half  a  rotation;  and 
the  momentum  they  have  acquired  will  carry  them  on,  the  man  at  the 
lever  suffering  it  to  turn  back  from  N  to  H,  while  the  other  half  of  the 
rotation  of  the  wheels  is  completed.  In  like  manner  another  sufficient  pull 
St  the  lever  H  K  gives  another  rotation  to  the  wheel  C,  and  so  on,  at  pleasure. 
The  wheel  C  turns  by  its  teeth  tlic  trundle  D,  the  spindle  of  which  car- 
ries the  upper  mill-stone,  just  as  the  spindle  D  carries  round  the  upper 
mill'CUmey  in  fig.  156.  In  this  mill  the  nearer  the  end  of  the  bar  I  upon 
the  lever  H  K  is  to  tlie  fixed  hook  K,  the  easier,  acteris  paribus,  will  the  man 
work  the  mill.  If  the  number  of  teeth  in  the  wheel  C  be  six  tiroes  the  num- 
ber of  cogs  in  the  trundle  I),  then  the  labourer,  by  making  ten  pulls  at  the 
lever  H  in  a  minute,  will  give  sixty  revolutions  to  the  upper  mill-stone  in 
the  Monc  space  of  time. 

In  the  Transactions  of  the  Society  of  Arts^  may  be  seen  a 
description  of  a  mill,  invented  by  Mr.  Garnett  Terry,  of  the 
Cit}'*road,  for  grinding  hard  substances,  by  means  of  a  wheel 
turning  upon  a  horizontal  axis  instead  of  a  vertical  one,  as  in 
the  common  construction.     See  fig.  162. 

THE  FOOT-MILL 

Is  used  for  grinding  corn  or  any  other  substance,  moved  by 
the  pressure  of  the  feet  of  men  or  oxen.  A  judicious  con- 
struction of  the  foot-mill  is  given  in  G.  A.  Bockler's  Theatrum 
Machinarum. 

This  mill  is  represented  in  fig.  163.  A  is  an  inclined  wheel,  which  is 
turned  by  the  weight  of  u  man,  and  the  impulsive  force  of  his  feet  while 
he  supports  himself,  or  occasionally  pushes  with  his  hands  at  the  horizontal 
bar  H.  The  face  of  this  wheel  has  thin  pieces  of  wood  nailed  upon  it  at 
proper  dist:mces,  to  keep  the  feet  of  the  man  from  slipping  while  he  pushes 
the  wheel  round:  and  the  under  side  has  projecting  teeth  or  waves  which 
catch  into  tlie  cogs  of  the  trundle  B,  and  hy  that  means  turn  the  horizontal 
shaft  G  with  the  wheel  C:  this  latter  wheel  turns  the  tnmdle  D,  the  axle 
of  wluch  carries  the  upper  mill-stone  E.  This  kind  of  foot-mill  will 
.  answer  extremely   well   to  grind  malt,   &c.  when  no  very  great  power  is 
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KNEADINC-MILL. 

The  business  of  grinding  and  baking  is  io  one  tense  so 
closely  connected,  that  we  shall  in  this  place  present  a  descrip- 
tion of  the  kneading-mill ;  which  is  meant  to  do  away  with 
that  disgusting  practice  among  bakers  of  kneading  the  dough 
with  their  bare  feet.  It  would  be  well  if  the  legislature  paid 
some  attention  to  this«  which  is  still  carried  on  in  some  parts 
of  the  metropolis,  and  particularly  in  the  kneading  of  dough 
for  biscuits. 

In  the  public  baking-houses  of  Genoa  a  machine  is  used 
which  produces  a  great  saving  of  time  and  labour.  It  was 
first  described  in  the  Atti  della  Societa  Patriotica  di  Milano^ 
vol.  ii. 

A,  in  fig.  164,  is  a  frame  of  wood  which  supports  the  axis  of  the  machine: 
a  wall  14  palms  hig>h  from  the  ground  may  be  made  use  of  instead  of 
this  frame.  B,  a  wall,  3^  palms  thick,  throug^h  which  the  aforetud  axis 
passes.  C,  another  wall  sinular  to  the  former,  and  f&cing  it  at  the  distance 
of  21  palms.  D,  the  axis,  30  palms  in  length,  and  one  palm  and  one-third 
in  thickness.  £,  the  g^at  wheel,  fixed  to  the  said  axis  between  the  frame 
and  the  wall;  its  diameter  is  28  palmsf  and  its  breadth,  which  is  capable  of 
holding  two  men  occasionally,  is  five  palms.  F,  are  steps,  by  tresMling  on 
which,  the  men  turn  the  whaiel  very  smartly;  tiiey  are  two  palms  distant 
from  each  other,  and  one-third  of  a  palm  in  height  G,  a  small  wheel  with 
cog^,  fixed  almost  at  the  further  extremity  of  the  axis:  its  diameteris  12j 
palms.  H,  a  beam  of  wood  which  extends  from  one  wall  to  the  other, 
oeing  21  palms  in  length,  and  one  and  a  third  in  thickness.  A  similar  beam, 
not  seen  in  the  figure,  "is  on  the  opposite  side  of  tlie  axis.  I,  a  trans^-erse 
piece  of  wood,  placed  near  the  wall  C;  it  is  fixed  into  the  two  beams, 
and  serves  to  support  the  further  extremity  of  the  axis;  its  length  is  14 
palms,  and  its  thickness  one  and  a  third:  there  is  likewise  a  transverse  piece, 
^which  cannot  be  seen  in  the  figure,)  14  palms  long,  and  half  a  palm  thick, 
placed  close  to  the  wall  B.  K  is  a  strong  cur\-ed  piece  of  oak,  fixed  trans- 
versely in  the  side  beams  II,  to  receive  the  axis  of  the  trundle:  its  length  is 
14  palms,  and  its  thickness  Ij.  L  is  a  trundle  of  5^  palms  in  diameter, 
and  li  in  height,  which  is  moved  by  the  cog-wheel  G.  M  is  a  trundle 
proceeding  from  the  trundle  L,  and  continued  through  the  cross  N  lo  the 
bottom  of  the  tub  P;  its  centre  is  made  of  iron,  partly  square  and  partly 
round,  and  it  turns  in  a  socket  of  bniss.  The  first  part  of  this  axis  be- 
tween the  tnmdlc  JL  and  tJic  cross  N  is  of  square  iron,  surrounded  by  two 
pieces  of  wood,  held  together  by  iron  hoops,  which  may  be  remo\'ed  at  plea- 
mire  to  examine  the  iron  within;  its  length  is  three  palms,  its  diameter  about 
one  palm.  The  second  part  of  the  axis  which  is  within  the  tube,  is  made 
like  the  first  pai't;  its  length  is  1^  palm,  its  diameter  one  and  one-sixth.  The 
wooden  sheath  of  this  part  of  the  axis  is  fixed  to  the  bottom  of  the  tub,  by  the 
means  of  three  screws  with  their  nuts.  This  axis  is  distant  one-third  of  a  palm 
from  the  nc:ircst  triangular  beater  of  the  cross.  N,  the  cross,  formed  of  two  bars 
of  wood  unequally  divided,  so  that  the  four  arms  of  the  cross  are  of  difTercnt 
lengtlis:  one  of  the  two  pieces  of  wood  of  which  the  cross  is  made,  is  six 
palms  in  length,  the  other  five;  their  thickness  is  seven-twelfths  of  a  palm. 
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and  tbeir  breadth  oaa  pahs.  O,  four  pieces  of  wood,  called  heater$t  of  a 
tnaagular  shape,  fixed  vertically  into  the  extremities  o£,  and  undemeaUi,  the 
anna  of  the  fm-mentioned  cross;  they  are  1|  palm  in  leng^,  and  half  a  palm 
in  thicknesssomd  beat  or  knead  the  dourh  in  the  tub  at  unequal  distances 
fifm  the  centre.  P  is  a  stout  wooden  tub,  about  a  quarter  of  a  palm  thick, 
wen  hooped  with  irons  its  diameter  b  six  palms,  its  height  1^  in  the  dear. 
W^gj.  165  is  a  box  or  trough  of  wood,  four  palms  long,  and  three  wide,  in 
vhi'ih  the  ^ven  ia  formed,  (in  about  an  hour,}  in  a  stove,  and  in  which  it  is 
sAerwarda  carried  to  the  tub  P.  Fig.  166  exhibits  a  view  of  the  trundle,  cross^ 
Aec  with  m  aectioii  of  the  tub.  Pi|p.  167  is  a  bird's-eye  view  of  the  cross  and 
tub»  with  the  upper  ends  of  the  tnanrular  beatera.  This  tub  P  wiU  contain 
■bout  18  rubbi,  (about  19  bttshels,^  of  flour,  which  is  cairied  to  it  in  barrels: 
the  leaven  is  then  carried  to  it  in  the  box  or  trough,  and  when  the  whole  is 
tdnpered  with  a  proper  quantity  of  warm  water,  tne  men  work  in  the  wheel 
till  the  dough  is  properly  and  completely  kneaded.  In  general  a  quarter  of 
an  hour  is  sufficient  to  make  very  good  dough;  but  an  experienced  baker, 
who  superintends,  determines  that  the  operation  shall  be  continued  a  few 
twjn^tiMi  more  or  less,  according  to  circumstances. 

The  measures  in  the  preceding  description  are  given  in 
Genoese  palms,  each  of  which  is  very  nearly  equal  to  9.85 
of  our  inches.  The  machinery  may  be  varied  in  its  construe- 
tiofi  according  to  circumstances,  and  the  energy  of  the  first 
mover  much  better  applied  than  by  men  walking  in  a  common 
wheel. 

In  November,  1811,  a  patent  was  granted  to  Mr.  Joseph 
Baker,  navy  contractor,  lor  a  method  of  kneading  dough  by 
means  of  machinery.  The  invention  consists  in  having  an 
upright  shaft,  turning  on  a  pivot,  fixed  in  the  centre  of  a 
circular  trough,  so  that  the  dough  placed  in  such  trough  may 
be  kneaded  by  a  stone  or  iron  roller,  on  its  edge,  passing 
over  it  in  a  rotatory  motion,  being  fixed  at  a  due  distance  by 
an  horizontal  bar  or  axle  to  the  shaft,  which  is  to  be  turned 
by  means  of  one  or  more  other  horizontal  bars  likewise  fixed 
thereto,  and  worked  like  a  capstan  by  a  proportionate  number 
of  bipeds  or  quadrupeds,  such  horizontal  bars  having  small 
shares  fixed  to  them,  so  as  to  run  in  the  trough,  and,  acting 
like  a  plough,  cause  the  dough  to  present  fresh  surfaces  for 
each  successive  revolution. 

Independent  of  the  methods  above  quoted,  many  others 
liaight  easily  be  adapted,  to  do  away  with  the  filthy  practice 
to  which  we  have  alludcfl. 
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THE  STEAM-ENGINE. 


The  most  prominent  feature  in  modern  discovery  ia  the 
sieam-engine,  which  has,  with  much  propriety,  been  deno- 
minated "  the  noblest  monument  of  human  ingenuity."  The 
Marquis  of  Worcester,  who  lived  in  the  reign  of  Charles  11. 
is  eniilied  to  the  honour  of  having  first  directed  the  attention 
of  mankind  to  ihe  expansive  force  of  steam  when  used  in  a 
close  vessel;  but  in  the  book  published  by  him  in  1663,  he  is 
not  sufficiendy  explicit  or  intelligible,  for  us  to  determine 
»hat  kind  of  apparatus,  or  combination  of  machinery,  was 
--  him  for  the  guidance  of  its  powers.  It  is  however 
)nable  to  suppose,  notwithstanding  the  vagueness  of 
^..^i-essions,  that  it  was  principally  owing  to  the  direciion 

observations  gave  to  ihe  minds  of  others  that  steam  began 

to  be  used  as  a  first  mover  of  machinery. 

When  water  is  exposed  to  the  action  of  heat,  it  expands 
and  assumes  the  gaseous  state  called  steam.  When  it  is  con- 
fined in  a  close  vessel,  and  heat  is  applied  to  it,  the  quality 
of  expansion  is  exerted  to  a  powerful  extent ;  and  as  the  space 
between  the  top  of  the  water  and  the  lop  of  the  vessel  is  filled 
with  atmospheric  air,  the  first  portion  of  the  power,  exerted 
by  the  expansion  of  the  steam,  is  directed  towards  the  dia- 

Elncingof  that  atmosphere  from  the  situation  which  its  weight 
ad  assigned  it,  and,  consequently,  such  portion  of  the  direct 
action  of  the  expansive  force  of  steam  i'i  to  be  deducted  from 
its  disposable  power.  This  portion  of  power  is,  however, 
ultimately  available.  For  as  by  a  reduction  of  tempetature 
steam  reassumcs  the  state  of  water,  leaving  the  space  which 
it  had  occupied  again  void,  the  atmosphere  which  it  had  dis- 
placed returns  to  its  former  situation,  exerting  a  force,  so  to 
do,  exactly  tantamount  to  that  which  the  steam  had  exerted 
to  displace  it.  This  force  may  be  termed  the  consequent 
power  of  steam.  The  directing  and  controlling  of  these 
powers,  ao  that  they  may  he  applied  to  the  purpose  of  creating 
equable  motion,  is  the  object  attained  almost  to  perfection  in 
the  steam-engine:  and  it  is  the  more  accurate  control,  the 
more  advantageous  application,  and  the  more  economic  pro- 
duction of  these  powers,  that  have  been  aimed  at  in  its  various 
modifications. 

For  more  perfectly  iltustratjn^  the  moilc^  in  whjcli  slcam  oper3.tei,  we  vill 
suppose  the  vesacl,  represented  it  fif;.  IGB,  lo  be  filkd  with  witer  up  to 
the  tine  A,  and  the  spice  E  occiipieil  uidi  nir,  antl  liaving  i  pliir  or  piston 
fitting'  it  at  C,  and  an  aperture  at  D;  now  if  the  aperture  U  be  cTowd,  and 
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beat  t^plied  to  the  water,  as  at  F»  ateam  will  be  generated,  and  by  ita 
cxpamive  force  will  raise  the  piston  C  npwardsf  then  if  the  heat  be  witii- 
diawn  and  the  vessel  suddenly  cooled,  condensation  will  take  place<  the 
•team*  reaasuming  the  fbrm  of  water,  will  again  occupy  the  space  below 
the  line  A«  and  the  piston  G  will  return  to  its  place.  In  this  experiment  tiie 
eipansive  force  of.  the  steam  compressed  the  air  in  the  space  £,  and  forced 
the  phig  C  upwards,  we  will  suppose,  to  H«  but  C,  in  travelling  to  H,  dis- 
plaiM  so  much  of  Uie  atmosphere  as  occupied  the  tube  iVora  C  to  H;  conse- 
quent^,  the  portion  so  displaced  wiU  seek  to  resume  its  natural  position, 
and  when  the  force  of  the  steam  .is  withdrawn  by  condensation,  the  weight 
«f  that  portion  of  the  atmosphere  wiU  again  return  the  pkig  C  to  its  piace; 
bj  whidi,  it  is  obvious,  that  the  raising  of  the  plnf  was  the  direct  action 
or  the  steam,  and  the  returning  its  consequent  action,  or  the  action  of  the 
atmosphere  in  consequence  of  its  having  been  diqilaced  by  the  force  of  the 


i^pun,  if  we  suppose  the  plug  to  be  in  its  first  situation,  aa  at  C,  and  we 
open  the  aperture  at  D,  and  apply  heat,  the  steam  will  rise  into  the  space 
M,  and  expel  the  air  thSrough  the  aperture  D,  wluch  being  closed,  and  con- 
densatioa  caused,  Uie  space  U  wiU  be  left  a  vacuum,  and  the  atmosphere 
seeking  to  occupy  that  space  will  force  the  plug  C  down  to  the  line  A;  here 
ibit  movement  of  the  plug  C  was  solely  caused  by  the  atmosphere  exerting 
itself  to  regun  the  position  whence  it  had  been  expelled  by  the  force  of  the 
atearo  through  D,  and  this  effect  is  performed  by  the  consequent  power  of 
atearo  alone. 

It  baa  been  found  by  experiments,  that  the  pressure  of  the  atmosphere 
ia  equal  to  about  14  pounds  weight  upon  every  square  inch,  so  that  sup- 
pbaingthe  superficies  of  the  aperture  of  the  vessel,  fij^.  168,  to  contain  one 
square  inch,  the  power  exerted  by  the  steam  in  raising  C  to  H  will  be 
tantamount  to  raising  14  pounds  weight  tihat  height,  together  with  the 
power  necessary  to  overcome  the  friction  and  weight  of  the  piston  C,  in 
the  cylhider;  and,  that  the  power  exerted  by  the  steam  in  expelling  the 
atmosphere  from  the  space  E,  and  obtaining  its  consequent  pressure  to  the 
raising  of  14  pounds  from  A  to  C;  and  that  the  disposable  power,  obtained 
by  the  return  of  the  piston  from  H,  will,  in  the  first  instance,  be  equal  to  the 
raisinr  of  14  pounds  weight  from  C  to  H,  less  the  amount  of  the  tKction  of 
the  piston  C;  and,  in  the  second,  will  be  equal  to  the  raising  of  14  pounds 
weight  from  C  to  A,  less  the  amount  of  the  friction  as  before.    In  both  these 


pounds  pressure  on  each  superficial  inch;  but  if  the  piston 
any  weight,  tlie  steam  will,  if  urged  with  sufficient  heat,  rause  it,  always 
prenusing  that  the  vessel  is  strong  enough  to  resist  the  increased  pressure. 
Suppose  C  to  be  loaded  with  10  pounds  of  weight,  the  steam  must  be  urged 
until  its  pressure  is  equal  to  24  pounds,  10  pounds  more,  14  pounds  the 
pressure  of  the  atmosphere  on  each  square  inch,  and  the  resulting  disposable 
force  will  be  equal  to  24  pounds  more,  the  weight  of  C,  less  its  friction  re- 
turning to  the  place  from  where  C  was  raised;  so  that,  in  this  case,  the 
pressure  on  the  internal  sides  of  the  vessel,  tending  to  burst  it,  will  be 
equal  to  10  pounds  per  square  inch  of  the  internal  superficies,  the  remain- 
ing 14  pounds  being  counteracted  by  the  pressure  of  the  atmosphere  on  the 
external  surface,  which  is  equal  to  14  pounds  of  the  internal  pi*essure.  By 
this,  it  is  evident,  that  the  direct  force  of  steam  may  be  increased  without 
limits,  whereas  the  resulting  force  or  pressure  of  the  atmosphere  is  mani- 
festly bounded  to  14  or  15  pounds  on  the  square  inch  according  as  its  density 
varies. 

Trusting  from  this  explanation  that  even  those  who  are  un- 
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linted  with  matters  of  this  nature  will  clearly  coinpre> 
the  manner  in  which  the  expansive  force  of  steam  ope- 
kileS,  we  shall  proceed  to  explain  the  different  mechaaical 
combinations  which  have  been  formed  to  render  this  power 
subservient  to  our  will ;  premising  that  what  we  ha.vc  here- 
tofore called  the  consequent  power  of  steam  will,  in  future, 
be  considered  the  pressure  ol  the  atmosphere,  which  in  fact 
it  is,  having  adopted  the  other  term  in  the  introductory  ex- 
planation, in  order  more  clearly  to  impress  on  the  mind,  that 
the  expa  vc  force  of  steam  is  actually  the  only  originator 
of  pern  ' '  :'  ■ 

"i._  hich  we    arc   acquainted,  coq- 

>o«i  oying  steam  as  power  to  act 

=»i  a  Captain  Savary,  for  which, 

.we  year  lo^hf  iie  oi  .  patent.     The  form  of  it,  as 

invented  by  him,  is  represented  in  fig.  I69. 

a,  0.  close  boiler,  placed  on  a  furnace,  »nd  of  Bufficictil  ttrenglli  to  reast 
eonsidenble  pressure;  B  another  vessel  strongly  conilmctudi  cfapipcwith 
i  cock  in  it  »t  i,  by  means  of  which  i  commuoicslion  can  be  made  from  a  t» 
B  at  pteaBun?;  e  a  pipe  proceeding  downu-iirds  into  b  welJ  or  other  reiervoir 
of  water;  //  another  pipe  procteding  from  H  to  a  resenoir  placed  •bore; 
AA  ii  >  pipe  communicating  Irom  B  to  the  pipe /yi  and  having'  a  cock  in  it 
at  A  to  allow  of,  or  cut  otf,  such  communicution:  m  is  a  valve  capable  of 
c]0Bin|[  the  pipe  t  by  prestuce  from  above,  and  of  opening  it  bj  pmoure 
Irom  belowj  I  a  limdar  ralre  fitted  to  the  pipe  //,  and  capable  of  being 
acted  upon  in  a  similar  manner.  If  tbc  boiler  a  tie  filled  with  water  (a  the 
dotted  tine,  and  best  applied  by  means  of  the  f\imucc,  the  ileam  wiQ  Hie  in 
the  boiler,  and,  passing throiigti  tbc  pipe  cc,  fill  thu  vcssi:!  B,  and  paas  up  the 
f\p^  ffi  the  valve  m  being  shut  by  tbc  expansive  force  of  the  steam  pressing 
upon  it;  if  the  cock  i  be  now  shut  and  the  steam  in  the  vessel  B  condensed, 
by  throwing  cold  water  upon  itt  outer  surface,  the  atmospiiere  prcsiing  tm 
the  valve  m  vill  cloie  it,  and  the  interior  of  the  vessel  B  remain  a  vacuum, 
and  the  water  in  the  rciervoir  to  which  the  pipe  t  passes  will  be  forced  br 
tlie  externid  pressure  of  the  atmosphere  into  the  vessel  B  up  to  the  dotted 
line,  which  is  supposed  to  be  about  26  fifet  from  the  surface  of  the  water  in 
the  reservoir,  being  the  length  of  a  column  of  water,  which,  taking  into  ac- 
count that  the  vacuum  thus  formed  is  not  quite  perfect,  is  equal  to  the 
pressure  that  will  be  exerted  by  the  atmosplicrc.  If  the  cock  i  bo  o^eiie4  | 
again,  and  the  steam  allowed  to  press  on  the  surface  of  the  water,  in  B,  it  will 
close  tlie  valve  ta,  and  cause  tlie  water  to  ascend  the  pipe  ff,  throi^^  the 
valve  /,  to  the  upper  reservoir;  and  when  the  cock  i  is  again  shut,  and  tbe 
steam  in  B  again  caused  to  condense,  the  operation  will  be  repeated,  and  the 
weight  of  tiie  water  in  the  pipe// will  close  the  valve  /,  and  cause  the  vessel 
B  to  be  lilled  bj  e  as  before. 

Such  was  the  construc^on  and  mode  of  operating  with  the  fiist  ^ipantna  ' 
made  by  Captain  Savary.  Rut  he,  finding  it  inconvenient  to  cause  condensa- 
tion by  means  of  throwing  cold  water  upon  the  outer  surface,  introduced  the 
pipe  A  A  into  B,  which,  by  opening  the  cock  A,  allowed  some  portion  of  the 
water  to  pass  from  the  pipe  ff,  which  wis  always  full  after  the  first  ittokc, 
and  thtreby  cause  condensation  more  quickly  to  ensue. 

The  trial  or  gauge  cocks  o,  q,  wore  also  contrived  hy  Captain  SavHT,  ia 
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order  to  Bscertain  the  height  of  the  water  in  the  boiler.  If  the  surface  of 
the  water  is  above  the  lower  ends  of  the  cocks,  and  the  cocks  be  opened, 
water  will  issue  fVom  them,  if  below,  steam.  But  if  the  water  is  at  its 
proper  leve],  that  is  to  say,  if  the  surface  of  the  water  be  in  the  intermediate 
flpaee  between  the  ends  of  the  cocks  g  and  n  o,  water  -will  issue  from  the 
former,  and  steam  from  the  latter.  This  knowledge  was  necessary  to  be  ob- 
tuned;  for  should  the  surface  of  the  water  exceed  the  height  of  the  cocks  o» 
there  will  not  be  room  for  a  sufficiency  of  steam  to  remain  in  store  for  con- 
tfnued  opemtion. 

The  application  of  this  engine  was  confined  to  the  raising  of 
water  to  small  heights,  as  it  operated  only  by  atmospheric 
pressure  ;  in  deep  mines  it  was  found  not  to  be  effective.  Tak- 
ing into  consideration,  however,  the  then  imperfect  state  of 
knowledge,  so  far  as  regarded  steam  as  a  first  mover,  the  in* 
Tcotor  is  entitled  to  no  inconsiderable  degree  of  praise  for  this 
specimen  of  his  ingenuity.  The  greatest  objection  to  this 
mode  is,  the  great  waste  of  steam,  and  consequent  unnecessary 
expenditure  of  fuel,  arising  from  the  condensation  being  ef- 
fected by  allowing  cold  water  to  come  into  contact  with  the 
steam  in  the  vessel  B. 

At  the  time  when  the  existence  of  this  engine  was  first  made 
known  to  the  public,  the  amazing  power  of  steam,  which  it  so 
plainly  demonstrated,  began  very  deservedly  to  obtain  the  at- 
tention of  ingenious  men  ;  and  disputes  for  the  honour  of  the 
discovery  took  place,  the  English  ascribing  it  to  the  Marquis 
of  Worcester,  the  French  to  Papin. 

Without  entering  into  the  minutiae  of  this  contest,  it  will  be 
sufficient  for  us  to  trace  progressively  the  grand  improvements 
that  have  taken  place  in  the  steam-engine  in  this  countr}*^ : 
though  not  forgetting  to  mention  the  accessary  improvements 
derived  from  foreign  aid.  Of  this  latter  is  the  safety  valve, 
an  instrument,  though  in  itself  simple,  of  such  vast  impor- 
tance, that  to  it  may  be  attributed  the  general  introduction, 
and  consequent  improvement,  of  the  steam-engine  to  its  pre- 
sent existing  state  of  perfection.  It  was  contrived  by  Dr. 
Papin,  who,  at  the  time  of  Captain  Savary's  invention,  was 
making  experiments  on  the  power  of  steam  at  high  tempera- 
tures, for  the  purpose  of  dissolving  bodies.  It  consists  merely 
of  an  aperture  oi  a  specific  dimension,  suppose,  for  instance, 
one  square  inch,  in  or  communicating  with  any  close  boiler, 
and  a  valve  properly  fitted  in  that  aperture,  such  valve  being 
on  the  outside  loaded  to  any  extent  considered  necessary  to 
resist  the  force  of  the  steam  until  it  has  acquired  a  certain 
degree  of  power,  computed  to  be  what  the  boiler  is  perfectly 
capable  of  sustaining  without  the  chance  of  bursting.  Now 
it  is  manifest,  until  the  pressure  of  the  steam  within  has  ex- 
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crted  itself  so  far  as  to  raise  such  weighty  the  internal  pres- 
sure per  square  inch,  tending  to  burst  the  boiler,  does  not 
exceed  the  amount  of  such  weight,  so  that,  by  this  means,  an 
estimate  of  the  chances  of  such  an  occurrence  taking  place 
can  easily  be  made. 

The  contrivance  by  Dr.  Papin,  of  placing  a  piece  of  wood 
to  float  upon  the  surrace  of  the  water,  though  an  improvement 
in  this  stage  of  the  engine,  is  now  of  no  importance :  but  it  is 
not  improbable,  that  this  first  suggested  the  idea  of  a  close 
fitted  piston  working  in  a  cylinder,  which  constituted  the  most 
valuable  part  in  the  next  step  of  advancement.  This  was  ef* 
fected  by  an  ironmonger  or  smith  of  the  name  of  Newcomen^ 
and  a  glazier  of  the  name  of  Cauly,  residing  at  Dartmouth, 
in  Devonshire,  who  were  contented  to  share  the  profits  of  the 
invention  with  Savary,  and  jointly  with  him  obtained  a  patent 
for  it  in  the  year  1 705. 

This  engine,  generally  called  Newcomen's  engine,  was  the 
first  that  had  a  piston  fitted  to  work  in  a  cylinder,  which,  to- 
gether with  the  beam,  gave  to  the  construction  of  the  machine 
a  new  character. 

An  engine  upon  this  construction  is  represented  in  fig.  170,  where  A  U 
a  boiler  placed  upon  a  furnace;  B,  a  cylinder,  bored  true,  and  having  the 
piston  e  fitted  to  work  easily  therein;  q^  a  cock  in  the  pipe  forming  a  com- 
munication from  the  boiler  to  the  lower  part  of  tiie  cylinder;  S,  a  safety 
valve  loaded  by  the  weight  at  the  extremity  of  the  lever  r  /,  pressing  upoa 
the  upright  pin  of  the  valve  at «;  dd,  u.  pipe  leading  from  the  cylinder  B 
to  the  reservoir  «,  with  the  cock  e  for  opening  and  closing  the  connection; 
fj\  another  pipe  leading  also  from  the  cylinder  to  the  reservoir  /i,  having  a 
valve  at  the  lower  extremity,  opening  outwards,  for  the  purpose  of  allowing 
any  accumulation  of  condensed  water  in  the  cylinder  to  run  otf,  and  through 
which  the  air  may  be  ejected  by  the  steam  when  filling  H;  L  L.  is  a 
beam,  supported  upon  the  wall  K  K,  and  capable  ot*  vibrating  upon  the 
centre  U;  «  is  the  rod  of  the  piston,  fastened  to  the  curved  end  of  the  beam 
by  a  chain;  m  m  the  rod  of  the  pump,  fixed  to  the  beam  in  a  nuinncr  similar 
to  the  piston  rod;  the  pump  is  placed  in  the  well  or  pit  j:,  with  the 
weights  0  0  hanging  upon  the  pump  rods  sutticient  to  counterbalance  the 
piston  and  rod  on  the  other  end  of  the  beam,  and  keep  it  raised  to  tlie 
top  of  the  cyhndcr;  p  p  is  sl  pipe  leading  from  the  pump  in  tlic  well  to 
supply  the  cistern  i. 

Supposing  the  piston  c  to  be  in  the  situation  c',  near  the  top  of  the 
cylinder,  and  the  steam  in  the  boiler  to  be  urged  by  fire  in  the  furnace,  and 
the  cock  7  to  he  open,  the  cylinder  B  will  become  filled  with  steam,  and 
the  air  that  is  in  it  be  expelled  by  the  pipe  //,  and  through  the  clack-valve 
at  the  end,  which,  from  the  noise  made  by  such  expulsion  is  called  the 
snifting-cluck.  If  the  cock  fj  be  closed,  and  that  at  c  opened,  water  will 
rush  from  the  reservoir  /  into  the  cylinder,  and  by  ca\ising  an  immediate 
condensation  of  the  steam  create  a  vacuum,  so  that  the  pressure  of  the 
atmosphere  will  operate  upon  and  force  down  the  piston  c  to  the  bottom 
of  the  cylinder,  and  cause  the  other  end  of  the  beam  L  to  rise  as  much 
^s  that  end  falls,  which  makes  one  stroke  of  the  puujp-rods.  If  the  cock  e  be 
HOW  closed,  and  y  opened,  steam  will  force  against  tlic  bottom  of  r,  and  by 
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i*rorcoming  the  pressure  of  the  atmosphere  tLgtln  raise  it  to  its  original  posi- 
tion; anil  fj  being'  ajgain  closed,  and  e  opened,  the  performance  of  a  simibr 
operation  will  be  effected. 

The  advantaf^  sought  in  the  construction  of  this  sort  of  engine  was  ob- 
tjiined,  namely,  that  of  not  being  required  to  use  steam  of  greater  pressure 
than  the  atmosphere,  which  was  the  case  in  Savaiy's  engine,  when  the 
height  the  water  way  to  be  raised  by  the  pipe//,  fig".  169,  exceeded  more  than 
about  32  feet.  In  Ncwcomcn's  engine,  the  weight  oo  balances  the  piston  e^ 
and  the  exertion  of  the  steam  is  never  required  to  be  more  than  about  14 
pounds  to  the  superficial  inch;  whilst  the  introduction  of  the  beam  affords  a 
movement  applicable  to  the  working  of  pumps,  by  whiG|i  water  can  be  raised 
to  any  required  height. 

The  cocks  g  and  e  were  opened  by  the  hand  of  an  attendant  until  a  boy  of 
the  name  of  Potter,  who  was  intruMted  with  the  management  of  tliem,  to  save 
himself  the  labour  and  attention  which  they  required,  ingeniously  contrived 
to  attach  a  piece  of  string  to  the  levers  of  the  cocks,  and  to  the  beam  LL, 
in  such  a  manner,  as  to  procure  by  its  movement  their  being  opened  and 
shut  at  the  proper  periods.  It  was  this  g^ve  tlic  idea  for  the  construction  of 
that  part  of  the  present  engine  called  hand-gecr. 

The  next  person  who  made  any  considerable  improvement 
ID  the  steam-engine  was  Mr.  Henry  Beighton,  of  Newcastle, 
who  invented  the  part  called  the  plug-tree,  for  opening  and 
shutting  the  valves,  which  we  shall  describe  in  a  more 
advanced  part  of  the  work :  he  also  adopted  a  force-pump,  to 
supply  the  deficiency  of  water  in  the  boiler  caused  by  the 
expenditure  in  the  production  of  steam.  This  engine,  called 
Beighton's  fire-engine^  was  much  used  for  nearly  half  a  cen- 
tury ;  and  the  attention  of  engineers  was  directed  more  to- 
wards the  economizing  of  fuel,  than  the  further  improvement 
of  the  engine. 

At  length,  however,  it  began  to  be  perceived,  that  the  at- 
tainment of  a  rotatory  motion  would  open  an  extensive  field 
for  the  application  of  its  powers  to  various  mechanical  pur- 
poses ;  and,  accordingly,  we  find  the  attention  of  engineers 
most  actively  engaged  in  endeavouring  to  effect  so  desirable 
an  object,  which  was  eventually  accomplished  by  Mr.  Mat- 
thew Washbrough,  of  Bristol,  who,  in  the  year  1778,  obtain- 
ed a  patent  for  the  application  of  the  crank.  Though  this  is 
by  far  the  best  application  that  has  been  yet  applied,  as  is 
evident  from  its  now  almost  universal  adoption,  it  was  for 
some  time  superseded  by  the  sun  and  planet  wheels  intro- 
duced by  Messrs.  Boulton  and  Watt. 

The  sun  and  planet  wheels  are  represented  in  fig.  ITl.  A  represents  the 
end  of  the  beam,  to  which  is  affixed,  by  a  movable  centre  at  F,  tJie  rod  B, 
<:allcd  the  connecting  rod,  upon  the  lower  end  of  which  is  immovably  fixed 
the  wheel  C  ;  D  is  a  cog-wheel,  fixed  upon  the  axis  of  the  fiy-wheel 
G  G  G  G,  and  capable  of  revolving  with  it.  AVhcn  the  beam  A  passes 
downwards,  the  wheel  C  changes  from  its  posit'on  at  C  to  C,  and  its  cogF, 
acting  upon  those  of  Jthe  wheel  D,  cause  that,  and  the  fly-wheel  to  which 
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it  ifl  attiched,  to  perform  that  portion  of  a  revolution  round  its  axis.  The 
vheel  C,  from  the  manner  in  which  it  is  suspended,  tends  always  to  press 
arainst  D  in  its  downward  and  upward  motions.  When  C  is  in  the  position 
of  C^  the  wheel  D,  from  the  velocity  it  has  acquired  by  its  connection  with 
the  fly-wheel,  causes  it  to  pass  under  the  centre  of  D,  and  tlie  beam  bc^n- 
ning  immediately  to  ascend,  operates  by  C  on  the  other  side  of  D,  giving  it 
another  portion  of  impulse  towards  a  continuous  motion  whilst  passing  from 
C  to  C«,  and  when  it  arrives  at  C^  it  will  be  impelled  over  the  centre  D  D 
by  the  velocity  which  its  own  action  had  {riven  the  fly-wheel. 

The  crank  and  fly-wheel  invented  by  Mr.  Matthew  Washbrough  is  shown 
in  fig.  173.  A  and  B  represent  the  same  parts  as  in  fig.  171,  but  the  lower 
end  of  B  is,  in  this  case,  attached  to  the  crank  C  at  g*,  and  is  capable  of 
revolving  round  the  centre  E;  the  other  end  of  the  crank  is  attached  to  the 
fly-wheel  D  D  D  D,  so  that  both  that  and  the  fly-wheel  are  capable  of 
revolving  round  the  centre  £.  When  tlie  beam  A  is  depressed,  it  commu- 
nicates motion  to  the  crank  and  fly-wheel  to  which  it  is  attached,  and  when 
it  arrives  at  H,  the  velocity  of  the  fly-wheel  causes  it  to  pass  under  the  centre 
Ef  and  the  beam  beginning  immediately  to  ascend,  ag^n  communicates  mo- 
tion to  the  fly-wheel. 

The  length  of  the  connecting  rod  B  should  be  such  that 
when  the  beam  A  is  in  an  horizontal  position,  the  crank  will 
Ukewise  be  the  same ;  and  when  the  crank  is  in  the  position 
as  at  G,  its  length,  together  with  the  length  of  the  crank, 
such  as  to  permit  the  other  end  of  the  beam,  A,  to  descend 
until  the  piston  which  is  attached  to  it  is  at  the  bottom  of  the 
cylinder ;  and  the  length  of  these  and  the  cylinder  such,  that 
when  the  crank  is  in  the  position  H,  the  piston  shall  be  at  the 
top  of  the  cylinder.  This  method  not  only  affords  a  rotative 
motion,  but  determines  the  length  of  the  stroke  which  the 
piston  may  be  required  to  perform,  to  an  exactness  that  is  of 
great  importance  ;  for  prior  to  its  introduction,  the  forcible 
striking  of  the  piston  against  the  top  and  bottom  of  the  cylin- 
der, which  was  attended  with  injurious  effects,  was  an  occur- 
rence by  no  means  unfrcquent,  and  which  the  sun  and  planet 
wheels  were  in  no  way  calculated  to  remedy. 

Mr.  Watt,  a  native  of  Glasgow,  having  his  attention  ac- 
cidentally directed  to  the  construction  of  the  steam-engine, 
discovered  that  water,  when  confined  in  a  close  vessel,  and 
heated  considerably  beyond  the  boiling  temperature,  would, 
when  the  steam  was  permitted  to  escape,  cool  rapidly  down 
to  the  boiling  point,  which  suggested  an  idea,  that  the 
amount  of  steam  issuing  from  any  vessel  was  simply  in  pro* 
portion  to  the  amount  of  heat  applied,  and  that  the  econo- 
mizing of  fuel  could  only  be  obtained  by  the  economizing  of 
steam.  Mr.  Watt  also  noticed  the  great  change  which  took  place 
in  the  temperature  of  the  cylinder  when  the  cold  water  was 
injected  to  condense  the  steam ;  and  concluded,  that  as  the 
coldness  of  the  cylinder  would  remain  after  the  necessary  con- 


AND  MACUINI8T.  17i 

densation  had  been  effected,  a  wasteful  condensation  of  the 
newly  introduced  steam  must  take  place.  By  experiment  he 
found,  that  the  quantity  of  steam  thus  wasted  was  no  lets 
than  thrice  the  contents  of  thi  cylinder,  or  three  times  the 
quantity  which  was  required  for  producing  the  eifect  sought. 
The  modes  to  which  he  had  recourse  to  remedy  this  defect 
were  first,  the  substitution  of  a  wooden  cylinder,  which,  upon 
repeated  trials,  he  was  compelled  to  abandon,  on  account  of 
the  roughness  produced  by  wet  and  the  changes  of  tempera- 
ture ;  secondly,  the  enclosing  of  the  cylinder  with  wood,  and 
filling  the  intermediate  space  with  powdered  charcoal ;  which 
afterwards  was  superseded  by  the  introduction  of  an  extra 
cylinder,  that  enclosed  the  working  cylinder,  and  permitted 
steam  to  flow  round  it,  which  maintained  it  at  a  regular  tem*> 
perature.  The  outer  cylinder  is  termed  a  jacket,  and  is  now 
used  with  advantage. 

In  the  year  1763,  Mr.  Watt  made  the  grand  improvement 
of  eflPecting  the  condensation  in  a  separate  vessel,  communi- 
eating  only  by  a  pipe  to  the  cylinder,  termed  the  condenser. 

In  Bg.  178,  A  is  the  lower  part  of  the  cylinder;  B  the  condenser;  C  the 
eduction  pipe,  or  pipe  of  coTniiiuiiication  between  the  cylinder  and  conden- 
ser, capable  of  bemj^  opened  or  closed  by  the  cock  c;  and  D  D  a  chamber  of 
GokL  water,  in  which  the  condenser  B  is  immersed.  When  the  cock  e  is 
opened,  the  steam,  by  its  elastic  force,  rushes  into  B,  where  it  is  condensed; 
and  the  space  it  has  left  in  the  cylinder  allows  a  new  supply  of  steam  to  be 
generated,  which,  by  the  openings  of  the  cock  c,  also  passes  into  B,  and  is 
similarly  condensed.  The  condensing  of  tlic  steam  necessarily  accumulates 
water  in  B,  and  reduces  the  capacity  of  the  condenser;  to  remedy  which, 
Mr.  Watt  introduced  a  small  pump,  worked  by  the  engine,  to  withdraw  the 
extra  water,  as  also  the  air,  which  in  some  degree  hindered  the  perfectncss 
of  the  vacuum:  he  named  it  the  air-pump.  He  also  found  it  expedient  to 
permit  a  small  stream  of  water  to  run  from  the  chamber  D  D,  by  means  of  a 
cock,  which  could  regulate  the  supply  according  to  the  temperature  of  the 
water  in  D,  or  the  required  rapidity  of  the  condensation.  The  cistern  in 
which  the  condenser  is  placed  is  called  the  cM-water  cistern;  it  is  continually 
being  supplied  with  fresh  water  from  a  pump  connected  with  a  well  or  pit, 
and  the  overplus  is  discharged  by  a  spout  into  a  drain.  The  hot  water  drawn 
from  the  condenser  by  the  air-pump  is  delivered  into  another  cistern,  termed 
the  hot-water  cistern. 

These  parts  are  represented  in  fig.  174,  where  their  distribution  is  such  as 
to  exhibit  them  conveniently  witliout  taking  into  view  their  constniction  in 
any  particular  engine,  as  their  form  and  relative  position  is  of  no  importance, 
and  IS  arbitrarily  varied  as  the  different  builders  think  fit,  or  as  conveniency 
or  circumstances  may  in  many  cases  require.  A  is  the  cylinder;  B  the  con- 
denser; C  the  air-pump;  E  £  the  cold-water  cistern;  F  the  cold-water  pump 
for  supplying  the  same;  S  S  the  steam  pipe  from  the  boiler;  U  the  eduction 
pipe  rrom  the  cylinder  to  the  condenser;  O  O  the  hot-water  cistern;  N  the 
mjcction  cock  for  allowing  a  small  stream  of  water  to  flow  into  B;  P  the  hot- 
water  pump,  which  forces  a  sufficiency  of  water  from  the  hot-water  cistern 
through  the  pipe  q  to  keep  up  the  supply  in  the  boiler;  tttt  9ie  pump  rodsi 
fixed  to  the  beam  and  worked  by  its  motion;  g  if  a  suction  pipe;  and  m  the 
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foot-Tftlve.  The  pipe  I  and  the  valve  V,  opening  upwards,  are  for  the  pur- 
pose of  permitting  the  steam  to  pass  throngh  to  expel  the  atmosphere  from 
the  condenser,  called  a  blow-vaivc,  and  then  by  its  own  condensation  to 
leave  a  vacuum  on  Uie  starting  of  the  engine. 

A  communication  is  made  from  the  condenser  by  a  pipe  to  the  upper  pait 
of  a  tube  standing  in  a  basin  of  mercury.  The  amount  of  mercury  iu  the 
tube  will  indicate  the  pcrfectness  of  tlie  vacuum  in  the  condenser,  by  extu- 
biting  the  height  at  which  it  is  supported  by  tlie  pressure  of  the  atmosphere. 
If  the  vacuum  is  perfect,  tlie  mercury-  will  stand  from  28  lo  31  inches. 

The  only  diiTerence  between  the  working  of  this  engine  and 
those  already  described  is,  that  the  pipe  U  H,  instead  of  be- 
ing an  injection  pipe  for  the  admission  of  cold  water  to  the 
cylinder,  merely  leads  off  the  steam  to  the  condenser  B,  there- 
fore, when  condensation  is  to  be  effected,  the  cock  h  is  open- 
ed to  admit  the  steam  from  the  cylinder  into  B,  there  to  be- 
come condensed,  whilst  the  continued  action  of  the  pump  C 
maintains  a  vacuum  in  B,  by  drawing  off  the  condensed  water 
and  the  air.  The  cold-water  pump  F  keeps  up  an  abundant 
supply  in  the  cistern  £  E,  and  the  supcrplus  is  discharged  at 
W;  thus  maintaining  a  depression  of  temperature  sufficient 
to  procure  condensation  in  B. 

Such  was  the  importance  of  this  alteration  in  the  mode  of 
construction,  that  one-half  the  quantity  of  fuel  consumed  by 
an  engine  of  the  former  construction  was  saved.  Still,  how- 
ever, the  engine  was  not  complete ;  the  piston  was  required 
to  have  water  kept  upon  its  upper  surface  to  keep  it  air-tight, 
and  as  this,  in  the  descent,  cooled  the  cylinder  considerably, 
it  was,  as  is  evident  from  what  has  been  already  stated,  when 
speaking  of  the  former  mode  of  injecting  cold  water,  pro- 
ductive of  a  loss,  to  which  Mr.  Watt  turned  his  serious  at- 
tention, and  eventually  succeeded  in  remedying  the  evil. 

The  next  construction  of  the  engine  is  what  is  now  called 
the  single  acting  engine,  and  as  the  improvement  consisted 
merely  in  the  cylinder,  a  diagram  of  that  will  be  sufficient  to 
make  it  clearly  understood.  Finding,  as  has  been  stated,  the 
disadvantages  attending  the  open-ended  cylinder,  Mr.  Watt 
conceived  the  idea  of  closing  the  top  of  the  cylinder,  and  of 
causing  the  piston-rod  to  work  through  a  close  collar  stuffed 
with  hemp  and  grease  ;  and  instead  of  making  use  of  water 
to  procure  the  piston  working  air-tight,  of  using  oil  or  fat  as 
a  substitute  ;  and  instead  of  causing  it  to  descend  by  the 
pressure  of  the  atmosphere,  of  employing  steam  of  an  expan- 
sive force  equal  to  that  pressure. 

In  Tcforcncc  to  fig.  175,  A  is  the  cylindt^r^  B  the  piston;  C  C  the  stufTing- 
l)OX  iillcd  with  hcnip  moistened  with  tallow,  having  its  cap  hcrcwcd  lirmly 
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down  by  two  screws,  so  as  to  fonn  a  steam-tight  joint  round  the  piston-rod. 
The  piston-rod  being  turned  true  anA  polished,  is  capable  of  working  up 
and  down  through  the  steam-^ght  joint.  D  is  the  steam  pipe  leading  from 
the  boiler;  K  the  eduction  pipe  leading  to  the  condenser;  H  and  I  are  two 
valves  upon  the  rod  L,  which  passes  through  stuffing-boxes,  or  steam-tight 
joints,  at  m  n.  While  raising  and  lowering  the  rod  L,  the  valves  H  and  I 
open  or  close  their  respective  apertures  D  and  K.  ^  is  a  valve  which  affords, 
when  open,  a  communication  between  the  top  and  bottom  of  the  cylinder 
through  the  pipe  P  E,  and  from  thence  through  O.  Its  spindle,  which  is 
hollow,  works  in  a  steam-tight  collar  at  N,  and  has  the  rod  L  passing 
through  it,  likewise  steam-tigiit,  in  such  a  manner,  that  the  rod  L,  with  its 
Tslves,  may  be  moved  independent  of  the  valve  g^  or  the  valve  g  independ- 
ent of  the  rod  L.  If  the  valves  are  placed  as  represented,  I  and  H  open, 
and  g  shut,  and  the  steam  be  permitted  to  come  from  the  boiler  through  D, 
it  wifl  pass  through  H,  and  enter  the  top  of  the  cylinder  at  P,  depressing  the 
]Hston  B  by  its  elxstic  force^  whilst  the  lower  part  of  the  cylinder  is  open 
through  O  and  K  to  the  condenser.  When  the  piston  is  depressed  to  B% 
tiie  rod  L  must  be  moved  downwards,  and  the  valves  H  and  I  closed,  and 
the  valve  g  opened,  that  the  steam,  by  its  elastic  force,  mav'  pass  through 
P  E  and  the  valve  g,  and  act  equally  upon  the  lower  as  well  as  the  upper 
surface  of  the  piston;  the  piston,  therefore,  being  in  an  unbiassed  state,  as 
vegards  tlie  pressure,  will  again  be  raised  to  its  original  situation  by  the 
counterpoise  weights  acting  at  the  other  end  of  the  beam,  and  the  steam  will 
pass  from  above  to  below  the  piston.  When  it  has  arrived  at  that  place. 
the  valves  may  be  again  put  in  their  first  position,  as  represented  in  the 
drawing,  when  that  at  I,  being  open,  affords  a  communication  through  O  K 
ibr  the  steam,  which  now  occupies  the  cylinder  below  the  piston,  to  pass  to 
the  condenser,  whilst  fresh  steam  forces  through  D  upon  the  upper  surface 
of  the  piston  tantamount  to  the  pressure  of  the  atmosphere,  and  produces  an 
effect  fully  equal  to  that  obtained  from  an  atmospheric  engine. 

In  the  engine  just  described,  the  beam  was  drawn  down  by 
the  pressure  of  the  steam  upon  the  top  of  the  piston,  and 
when  the  steam  had  passed  into  the  condenser,  was  raised  by- 
counterpoise  weights  placed  at  its  further  end ;  by  which  it 
is  manifest,  that  the  action  of  an  engine  of  this  construction 
must  be  somewhat  irregular,  for  whilst  the  piston  is  descend* 
ing  the  steam  must  act  upon  it  to  an  amount  capable  of  raising 
the  counterpoise  weights,  and  of  likewise  doing  the  work  put 
upon  it;  but  when  the  piston  is  rising,  the  actual  fall  of  the 
counterpoise  weights  is  the  only  amount  of  power  which  the 
engine  is  supplying,  and  from  which  is  to  be  deducted  the 
friction  and  weight  of  the  piston.  Such  engines,  therefore, 
when  a  continuous  and  equable  force  is  required,  are  not  so 
advantageous  as  those  where  the  rising  and  depressing  of  the 
piston  are  alike  performed  by  the  same  means  and  the  same 
extent  of  force.  This  desirable  end  was  accomplished  by 
Mr.  Watt  in  the  construction  of  the  double-acting  engine^ 
which  we  shall  next  notice,  in  contradistinction  to  the  one 
that  last  claimed  our  attention,  and  which  is  now  seldom  used 
for  any  other  purpose  than  that  of  pumping  water. 
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moOH  of  diltrifaudng  various  pipes,  or  vnlves,  or  Cbckf.'-ii^ 
■tmyleit'in  in  conatruction  is  the  four-way  cock. 
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Id  the  single  and  Ac  double  en^ne  the  -  presMire  of  the 
atmosphere  is  not  used ;  but  the  direct  force  of  the  s^am 
which,  in  the  old  engines,  went  to  expel  the  atmosphere,  and' 
then  by  its  own  condensation  to  leave  a  vacuum,  is  first  re- 
sorted to,  and  its  condensation  leaves  a  vacuum  to  assist  the 
action  of  the  nezt  supply.     Consequently  the  Bingle-acting 
engine  has  not  gained  more   power   than   the   atmoaplwric 
engine  in  proportion  to  the  steam  used,  otherwise  than  hf 
what  is  saved  throuf^  keeping  the  cylinder  warm ;  and  the    ■ 
double-acting  engine  is  only  a  mode  of  using  the  steam  in  • 
more  continuous  and  unbroken  manner,  taking  jnst  twice  the  - 
quantity  of  steam,  and  exerting  twice  the  power  of  the  single- 
acting  engine. 

Odier  modes  for  attaining  this  change  of  communication, 
to  as  to  prodiKC  the  double  action,  are  adopted  as  circum- 
stances may  demand.  The  one  last  described,  called  the 
four-way  cock,  was  found  not  to  answer  in  large  engines,  in* 
asmuch  as  plugs  of  sufficient  dimensions  to  afFord  steam*  ' 
way  enough  caused  bo  much  friction  in  their  collars,  that  it 
was  an  expenditure  of  considerable  power  to  turn  them ;  the 
method,  therefore,  most  usually  sdt^ted  ia  engines  of  large 
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dinensions  is,  a  system  of  valves,  opened  and  shut  at  the 
proper  periods  by  levers. 

The  internal  amngement  of  such  a  lyitem  is  shown  at  fig.  173»  where  C 
is  a  pipe  leading  from  the  boiler  for  the  conveyance  of  steam;  and  D  K  a 
pipe  leading  to  L  the  condenser;  op^  m  n,  are  two  boxes,  each  divided 
internally  into  three  compartments^  in  which  arc  the  valves  ^fg  A,  capable 
of  openinr  upwards.  From  the  centre  compartment  in  each  m  the  bozea 
above  and  below  there  b  a  communication,  at  a  and  6,  with  the  top  and 
bottom  of  tlie  cylinder.  The  steam  is  conveyed  along  the  pipe  C  into  the 
upper  chamber  of  the  upper  box,  and  br  means  of  tlie  pipe  i  passes  through 
it  and  proceeds  to  the  upper  chamber  of  the  lower  box,  and  the  pipe  K  D 
affords  a  communication  from  each  of  the  lower  chambers  to  the  con- 
denser t.. 

If  the  valve  A  be  opened,  there  will  be  a  communication  from  the  lower 
part  of  the  cylinder  through  the  aperture  b  and  pipe  K  into  the  condenser  L; 
and  if^  at  the  same  instant,  the  valve  e  be  opened,  the  steam  will  be  admitted 
through  C  into  the  centre  chamber  of  the  upper  box,  and  through  the  aper- 
ture a  into  the  upper  part  of  the  cylinder;  consequently  the  steam  will  be 
admitted  to  the  upper  part  of  the  cylinder  while  the  lower  part  has  commu- 
nication with  the  condenser,  and  the  piston  be  forced  downwards.  If  these 
valves  be  closed,  and  the  valves  gf  opened,  the  steam  will  have  access 
through  C  t,  the  valve  g^  and  aperture  o,  to  the  lower  part  of  the  cylinder, 
whilst  there  will  be  a  communication  from  the  top  of  the  cylinder  through  the 
aperture  a,  the  valve  /,  and  the  pipe  K  D,  to  the  condenser,  so  that  the  piston 
will  then  be  forced  upwards. 

This  mode  of  effecting  the  changes  of  communication,  though 
by  no  means  so  simple  as  that  of  the  fore- way  cock,  has  an 
advantage  over  it  that  gives  it  a  decided  preference.  For  as 
the  movements  of  the  valves  are  independent  of  each  other, 
the  shutting  off  of  the  steam,  and  of  the  communication  with 
the  condenser,  can,  if  desired,  be  effected  at  different  periods, 
so  that  the  steam  may  be  allowed  to  act  upon  the  piston 
only  during  one-half  of  the  stroke,  which  was  discovered  by 
Mr.  Watt  to  effect  a  saving  in  steam.  Besides  this  advan* 
tage,  which  can,  if  required,  be  effected  in  other  engines  by 
simple  contrivances,  the  valve  geer  is  superior  from  its  light- 
ness, when  compared  to  slides  or  cocks,  adapted  to  large 
engines. 

In  small  engines,  these  advantages,  not  being  of  so  much 
importance,  are  more  than  counterbalanced  by  the  simplicity 
obtained  by  other  modes. 

Tlie  first  that  we  shall  notice  was  invented  by  Mr.  Murray,  of  Leeds,  and 
is  represented  in  fig.  179,  where  a  section  of  this  apparatus,  termed  the 
slide  valve,  is  shown.  A  is  the  steam  pipe  from  the  boiler;  B  B  B  B  a 
close  cliambcr,  in  which  the  interior  chamber,  C  C,  is  capable  of  sliding 
upwards  and  downwards  by  means  of  a  rod,  D  D,  which  passes  through  a 
ateam-tight  box  at  £.  G  G  is  a  passage  from  the  chamber  B  B  B  B  to  the 
Upper  part  of  the  cylinder;  II  H  to  the  lower  part  of  tlie  cylinder;  and  1 1 
to  the  condenser.  Now  when  the  chamber  C  C  is  placed  as  is  represented, 
«t  is  plain,  that  the  steam  has  access  to  the  top  of  the  cylinder,  and  that  a 
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communication  exists  by  H  H  and  1 1  to  the  condenser.  By  moving^  C  C 
upwards,  the  communication  would  be  reversed,  that  is,  G  G  from  the  top  of 
the  cylinder  would  communicate  by  1 1  to  the  condenser,  and  H  H  admit 
steam  into  the  lower  part  of  the  cylinder.  By  the  movement  of  C  C  up- 
wards and  downwards,  the  alternating^  effect  is  produced. 

Messrs.  Boulton  and  Watt  introduced  another  very  neat  and 
useful  mode  of  distributing  the  steam  in  small  engines,  deno- 
minated D  valves,  on  account  of  the  shape  they  present  when 
seen  in  a  top  view. 

Fig.  180.  A  R  and  C  D  represent  the  two  D  valves  capable  of  moving  up- 
wards and  downwards  by  means  of  the  spindle  E.  Their  faces  at  A  and  C 
are  made  to  fit  steam-tight  upon  the  inside  of  the  box,  and  the  back  part  at 
B  and  D,  as  shown  at  D*,  is  semicircular,  to  admit  of  its  being  packed  with 
hemp  in  the  same  manner  as  the  piston.  G  and  II  are  communications  to  the 
tbp  and  bottom  of  tlie  cylinder;  I  is  the  steam  way  in  the  boiler,  which,  in 
some  engines,  aomes  from  the  jacket  of  the  cylinder;  and  K  is  the  eduction 
pipe,  which  carries  the  steam  to  the  condenser. 

Now  if  the  rod  E  be  moved  upwards  until  the  lower  surface  of  A  B  is  above 
the  aperture  H,  the  lower  surface  of  C  D  will  be  above  the  aperture  G,  con- 
sequently the  steam  from  I  will  pass  into  tlie  cylinder  at  H,  and  the  steam 
from  the  cyUnder  will  pass  tlirough  G  and  N  K  into  the  condenser.  Again, 
if  the  upper  surface,  A  B,  be  below  H,  C  D  will  be  below  G,  and  the  steam 
will  pass  through  the  aperture  O,  down  a  pipe  behind  M  K,  through  P,  and» 
by  means  of  G  will  have  access  to  the  bottom  of  tlie  cylinder,  whilst  a  com- 
munication will  be  effected  by  M  K  and  through  H,  from  the  top  of  the 
cylinder  with  the  condenser.  The  rod  E  passes  through  steam-tight  joints, 
at  top  and  bottom,  into  boxes. 

Fig.  181  represents  another  manner  of  forming  valves  upon  this  principle, 
in  which  a  flat  surface  is  intro<hiced  at  the  back,  and  the  packinjs^  is  cflTccted 
by  having  the  faces,  backs,  and  sides  of  the  valves  made  of  brass,  and 
fitted  to  plates  of  the  same  inatcri:d,  which  can  be  screwed  against  the 
valves  as  they  wear.  The  slides  or  moving  parts  are  shadowed.  The  po- 
sition in  which  they  now  are  will  admit  the  steam  to  pass  from  I  tlirough 
H,  and  thu  condensation  to  be  effected  by  passing  from  G  tlirough  N  to  K; 
but  if  the  slides  be  moved  downwards  until  the  aperture  C  is  opposite  G, 
the  upper  slide  will  be  below  II,  and  the  steam  will  pass  through  P  into 
the  cylinder  by  means  of  G,  and  exhaustion  will  take  place  from  II  through 
M  to  K. 

Fig.  182  is  a  combination  of  what  are  called  concentric  valves.  Their 
distribution  is  exactly  similar  to  those  alrca<ly  explained.  The  spindles  C  G 
of  the  lower  valves,  in  both  the  top  and  bottom  boxes,  pass  through  the 
spindles  of  the  upper  valves,  which  are  pipes.  This  mode  of  constnicting 
the  valves  was  invented  by  Mr.  Murray.  They  are  capable  of  being  moved 
in  many  waysj  but  the  bne  most  generally  adopted  is  represented  in  the 
fig^ure,  where  the  rods  d  e,  attached  to  the  cross-levers  that  move  on  the 
centres  G  G  G  G,  act  upon  tlie  valves.  Thus  the  rod  e,  by  moving  down- 
wards, will  raise  the  solid  or  the  lower  spindle  valve  of  the  lower  box,  which 
opens  to  the  condenser,  and  the  hollow  spindle  the  upper  valve  of  tlie  upper 
box,  which  admits  steam  to  the  top  of  the  cylinder,  uhile  the  rod  d  acts 
upon  the  otlicr  two,  and  changes  the  course  of  tlie  steam  and  exhaustion,  ab 
before  shown. 

Conceiving  that  we  have  sufficiently  explained  the  several 
modes  of  guiding  the  immediate  power  of  steam,  we  shall  in 
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the  next  place  proceed  to  examine  into  the  construction  of 
the  piston. 

A  section  of  the  piston  most  commonly  used  in  condensing^  engines  is  exhi« 
bitcd  in  fig.  183.  I'he  lower  face  of  the  piston  is  fixed  to  the  rod  dd,  and 
the  upper  face  is  c&pable  of  being  raised  up  upon  the  rod  d.  Hemp  moisten- 
ed with  tallow,  called  packing,  is  introduced  round  the  interstice  at  C  E, 
which,  when  the  upper  plate  D  D  is  screwed  down  by  the  screw  at  £  E,  is 
forced  outwards  agaijist  the  sides  of  the  cylinder,  so  as  to  render  it  perfectly 
steam-tight.  As  it  wears  by  the  friction  against  the  cylinder,  more  must  be 
forced  out  by  tightening  the  screws;  and  when  entirely  worn,  the  plate  dd 
must  be  raised  and  the  piston  fresh  packed. 

This  construction  of  the  piston  answers  perfectly  for  condensing  engines; 
but  in  high-pressure  engines  the  hemp  is  destroyed  so  rapidly  by  the  heat 
and  friction,  that  pistons  formed  entirely  of  metal  have  becu  introduced  with 
advantage. 

The  top  view  of  one  kind  of  metallic  piston  is  represented  at  fig.  184. 
A  A  A  A  IS  a  ring  of  brass  divided  into  four  equal  disconnected  portions, 
resting  upon  the  plate  B  B,  which  is  affixed  to  the  piston-rod  dd^  ua  seen  in 
fig.  185;  the  portions  of  the  ring  are  forced  outwards  against  tlie  sides  of 
the  cylinder  by  springs  of  any  convenient  form  pressing  m>m  the  piston-rod 
D.  A*,  in  fig.  185,  represents  a  side  view  of  a  similar  ring,  similarly  divided. 
Its  pordons  are  placed  upon  the  ring  last  described,  so  that  the  divisions 
full  upon  the  centres  of  the  other  four  pieces,  and  are  forced  against  the 
sides  of  the  cylinder  in  like  manner  by  springs,  and  the  plate  C  C  is  placed 
over  the  whole.  The  upper  and  lower  sides  of  the  plate  and  rings  are  all 
caiefiiUy  ground,  so  as  to  fit  steam-tight.  This  form  of  piston,  though  it 
has,  in  some  cases,  been  used  for  a  considerable  time  with  advantage,  is, 
upon  the  whole,  defective,  as  the  ring«  near  the  interstices  between  the  seg- 
ments, must  open  and  allow  the  steam  to  gain  access  to  the  interior  wlicre 
the  springs  lie,  and  from  thence,  through  similar  interstices,  to  the  other  side 
of  the  piston. 

A  metallic  piston  of  a  better  construction  is  shown  at  fig.  1 86,  consisting 
of  six  pieces  of  .'>niss  of  the  forms  represented  in  the  figure,  by  A  B  C  D  E  F. 
ABC  are  circular,  and  are  made  to  fit  the  inside  of  the  cylinder,  against 
which  they  are  forced  by  the  wedge  pieces  D  K  F,  which  have  springs  be- 
hind them.  When  ABC  wear  so  as  to  divide  at  the  angles,  the  wedge  pieces 
protrude  themselves  against  tlie  cylinder,  keeping  tlie  space  always  filled. 
These  pistons  have,  in  some  cases,  been  used  for  many  years  without  re- 
quiring alteration. 

Having  now  duly  considered  the  construction  of  the  cylin- 
der, or  seat  of  motion,  and  the  means  of  distributing  the 
operative  power  so  as  to  produce  a  reverting  rectilinear  ac- 
tion, we  shall  next  proceed  to  exhibit  the  manner  in  which 
this  action  is  transferred,  so  as  to  maintain  its  continuance. 

The  movement  of  a  four-way  cock  may  be  accomplished  by  a  plug-tree, 
which  is  a  perpendicular  rod  attached  to  the  beam  of  the  engine  as  repre- 
sented in  fig.  187.  OP  are  two  studs  or  pins  placed  at  such  a  distance  from 
each  other,  that  the  upper  one,  O,  shall  force  the  handle  N  to  the  situation  of 
N>,  just  as  the  piston  shall  have  reached  the  lower  part  of  the  cylinder,  and 
the  pin  P  is  so  placed  that  it  shall  carry  the  handle  to  its  original  situation  at 
the  time  when  the  piston  is  again  to  change  iti  direction.     Bui  the  plug-tree 
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'^.  j^  if  now  seldom  Jiuedjn  enginet  that  have  a  zotatiTO  iaHoCion)  and  where  tbeie  it 

le.'  -  no  lotatiTe  idMioDt  tiie  enginet  are  motUjr  ^ngle  action,  ana  are  appfied  on^ 

to  the  pufpote  of  pommngy  in  Irfaich  the  power  it  only  requited  to  bo  cab- 

crted  whilk  the  pikon  It  OMcendfaur. 

• 

*  In -enffines  for  taraing  mill-work,  where  a  rotatory  modMiMf^ 
eidits,  the  action  is  gi vea  to  the  spindle  valves,  sliding  valves, 
or  whatever  apparatus' is  used  for  the  same  object,  ^  ineaaa 

,  of  a  rod  working  from  the  axis  of  the  fly-wheel  by  an  eccen- 

'^  ;tric  mption. 


In  fig.  188,  the  soian  dsw  V  tappoted  to  be  a  teetion  of  the  fiy-wWl^^ 
dtafl,  and  B  4  dkcoJar  pietee '  oft'  the  shaft,  round  which  the  dipt,  Qf£ifkiil^[ 


ciictdarptecetb'CC,  are  fattened,  to  that  B  can  turn  on  them,  th#imra^«L^ 
When  the  revolving  of  the  shaft  A  caniet  B  to  the  ntuation  of  the  dotted  ^  i 
ciKle  B>,  it  it  plain  that  it  will  have  forced  the  rod  in  an  horitontal  (Smt  t inn 
•  the  ditttnee  from ti^  centre  of  A  to  B^  and  when  in  the  coonte  of  MfcVo* 
Ittdon  it  than  have  brought  B  to  Ifae  situation  B*,  it  will  have  movedrt^.tiBi* 
lar  it'f*««*^  in  scontruy  direction,  contequentlj  the  total  UBOffSfi^if  tha 
horixontal  motion  thus  communicated  to  the  rod  DEE  will  be  th^^jMaatof 
the  ^Crtuiee  from  B>  to  B*.  The  horixontal  it  converted  into  a  peffMHcolae 
notion  bj  the  ttmk  kg{  ralring  and  lowering  tiie  rod  iC»  upon  wUpk  the 
didebozorDvalvetitized.  ^ 

The  method  for  moving  the  rodt  of  concentiic  vabet  b  reprtteatod  in, fig#- 
189*.    E  it  the  rod  from  tho>eecentric  motion,  which,  by  its  h$apnatifaA 
forward itiotioi^..iaoviea tha  euBB-ffbi  a  T  piece,  fattened  on  the  cesM.  G^ 
sad  csntet  them  to  move  dtematdy  upwards  and  downwardt,  openiqg  fad 
ihiptdng  each  pikSr  of  valvet  at  before  oetcribed. 

Vif.  |90  tepxetents  a  mode,  appficabie  to  htxft  ennne^  of  moving  JMthsr, 
D  vdret  or  tlidet  from  an  eccentric  A  B  is  an  iron  ptateb  capaolo  of 
vibrtiting  upon  its  centre  H;  F  is  a  rod  from  the  eccentric,  moving  the  weight 
C  upon  a  roller  over  the  surface  of  A  B.  The  latch  pieces  D  U^  move  upon 
two  pins,  and  are  prevented  falling  forwards  by  the  stops  MN.  The  rod 
of  the  valves,  shown  at  e,  b  attached  by  the  lever  P  H  to  the  shaft  from  the 
centre  H.  llie  two  stops,  I  and  G,  support  A  B  in  the  two  positions  shown, 
the  one  in  the  view,  the  other  by  the  dotted  lines.  When  the  rod  F  move% 
it  carries  C  towards  A  by  the  eccentric  motion,  and  C,  acting  on  the  tame, 
'«  raises  the  latch  D,  and  permits  the  end  A  of  A  B  to  fall,  whilst  the  end  B» 

in  rising,  latches  itself  at  D',  shown  in  the  dotted  representation  of  A  B.  By 
this  motion  H  P,  on  the  same  axis  H,  is  moved  downwards,  carrying  with  it 
the  rod  G  attached  to  the  slides;  and  the  motion  of  C,  instantly  changing  to- 
wards F,  acts  upon  the  other  latch  D>,  and  places  the  sHdcs  in  their  former 
position. 

As  the  beam  of  all  engines  vibrates  upon  a  centre,  of 
course  it  performs  portions  of  a  circle  with  each  of  its  extre- 
mities ;  and  as  the  rod  of  the  piston  is  required  to  move  up 
and  down  in  a  straight  line,  it  cannot  be  attached  to  the  end 
of  the  beam.  In  single  engines  of  the  old  construction,  where 
die  action  was  a  pull  at  both  ends  of  the  beam,  (at  the  one 
end  by  the  weight  of  the  pump-rod,  and  at  the  other  by  the 
•down  stroke  of  the  piston,)  a  chain  was  affixed  to  the  upper 
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put  of  each  of  the  curved  ends  of  the  beam,  and  to  the  pump 
and  pitton  rods,  as  represented  in  fig.  170,  which  answered 
die  required  purpose ;  but  in  doUbIe*acting  engines,,  where 
die  piston-rod  forces  upwards  as  well  as  PuHs,  some  other 
mode  of  converting  the  action  is  required.  The  most  pierfect 
yet  introduced  is  the  parallel  motion,  the  principle  of  which 
may  be  comprehendea  ^y  referring  to  fig,  191. . 

Snppbte  A'  B  to  represent  one  end  of  a  bean,  i^ntinf^  on  itt  ceafte  st 
Af  the  other  end  B  will  perfinrm  the  are'  CCS  and  canir  whatever  is 
attached  to  it  in  the  direction  of  that  arct  then  nippoie  another  rod*  O  H* 
of  eq|ual  length  to  A  By  inbratiiy  on  its  centre  O,  tne  p<^t'  in  the  connefct- 
ing  piece*  L  H,  will,  by  the  ribiationi  of  A  B  and  H  G»  moTe  upwards  and 
downwards  m  a  perpendicular  line.  For  so  much  as  the  curve  ftom'th'e 
fadiuB  A  B  dmws  it  towards  A«  so  much  will  tbe  cunre  of  the  radms  H  O  dfaw 
it  towaids  Gy  and  the  movements^  coirectiog  each  other,  will  cause  I  to  xise 
and  fidl  in  a  perpendicular  line. 

A  more  nrnple  mode,  which  answers  rtty  well  in  smaU  enffines,  is  repre- 
sented in  fi^.  193.  The  sling  piece  attached  to  the  end  of  ihe  beam  has  a 
pair  of  roUen,  one  on  each-  side,  which  press  on  each  side  of  the  guiding 
bars  D  D  D  D,  and  cany  the  piston^  attached  at  C,  in  a  perpendicular 
fine. 

An  Steam-engines  are  proportioned  to  go  at  a  aetded 
rate,  and  to  make  a  certain  number  of  strokes  of  the  piston 
per  minute,  which,  reckoning  the  number  ot  feet  the  piston 
travels  in  its  upward  and  downward  motion  in  the  cylinder, 
has  been  by  general  agreement  settled  at  200  to  220  feet  per 
minute. 

To  obtain  this  regularity  of  action,  it  is  manifest  that  a 
regularity  must  be  obtained  in  the  amount  of  power  that  is  to 
produce  the  movement;  or,  in  other  words,  a  regular  amount 
of  elastic  force  must  be  eserted  at  each  stroke  of  the  piston. 
This  is  somewhat  difficult  to  accomplish,  and  depends  much 
upon  keeping  the  fire,  which  generates  the  steam,  of  a  uni* 
form  heat ;  consequently  the  care  of  the  fire  should  only  be 
intrusted  to  one  who  is  well  skilled  in  his  business.  There 
are,  however,  contrivances,  called  governors,  which  greatly 
assist  in  maintaining  a  regular  action,  and  where  very  great 
nicety  is  not  required,  they  produce  it  to  a  sufficient  extent. 

The  governor,  (which  we  have  already  described  under  the 
article  ^^  On  the  Eaualization  of  Motion^^  in  Mill-geering,) 
acts  upon  the  principle  of  centrifugal  force,  and  is  applicable 
only  to  engines  that  have  a  rotative  motion. 

The  mode  of  applying  the  governor  is  by  connecting  it  by 
means  of  levers  to  a  throttle  valve,  shown,  in  fig.  193.  A  B 
represents  a  section  of  the  pipe  that  conveys  the  steam  from 
the  boiler,  having  a  small  circular  fan  of  iron,  capable  of  being 


IT 


^8Q  THE  OF£IIATIV£  HMVANIC 

• 

ttined  to  as  to  be  parallel  with  the  line  of  the  pipe^  or 
9I  lybV.  aciroes  it  in  such  a  manner  as  to  stop  the  com- 
monacation. 

Tl%e  governcM*  is  placed  at  any  convenient  pi^t  of  the  engine, 
^n  an  upright  spindle,  and  is  driven  either  by  a  band  or  bjr 
Bevil-wheels,  from  the  fly«wheei  shaft.  When  the  fly-wheel 
increases  or  decreases  in  velocity  it  transmits  the  same  to  tlnke 
governor,  and  ca^lses  the  balls  to  fly  from,  or  approach  nearer 
^  each  other;,  and  die  lever  affixed  to  the  colfair  of  the 
governor  turns  the  ha^le  C  of  the  throtde  valve,  which 
legulates  the  supply  of  steam,  and  produces  regular  motioo. . 

In  ijingle-actSng  engines,  which  do  not  create  rotative, 
mpdon,  ^is  sort  of  governor  cannot  be  applied,  nor  is  it  de» 
oidedly  adapted  to  roe  sort  •  of  regulation  thev  want ;  for  as 
diey  act  only  one  way,  and  the  steam  being  entirely  shot  off  at 
the  end  of  every  stroke,  it  is  a  regulauoa  of  the  amount  of 
power  to  be  exerted  at  every  interval  which  is  sought^  radier 
dum  a  continuous  equable  supply  of  steam. 

This  sort  is  most  wanted  in  engines  that  supply  towns  witl\ 
water,  as  when  the  different  districts  are  being  supplied,  the 
diversity  of  their  magnitude  and  situation  causes  a  consider- 
able variation  in  die  bi^rden  thrown  upon  the  enginp.  .:|n^ 
^ngines  used  for'tiiis  purpose  there  are  two  pieces  of  woods 
caUed  spring-beams,  placed  across  each  end  of  the  beam, 
which,  when  the  burden  is  lightened,  and  the  engine  makes 
too  long  a  stroke,  strike,  as  they  descend,  the  upper  floor  of 
the  engine-house  and  ring  a  bell,  to  warn  the  attendant  that 
steam  must  be  shut  off  earlier,  or  that  the  upper  tapit  of  the 
plug-tree  must  be  moved  downwards.  In  engines  of  recent 
construction,  the  spring-beams  are  made  to  strike  a  lever, 
which  either  shuts  off  the  steam  entirely,  or  opens  a  cock  that 
admits  it  into  the  cylinder:  in  either  case  the  movement  of 
the  engine  ceases. 

The  regulation  of  the  plug-tree  tapit  is  obtained  by  intro- 
ducing a  pipe  from  the  water  in  the  air-vessel  to  a  small  cylin- 
der, having  a  working  piston.  The  water  from  the  air-vessel 
forces  against  the  under  side  of  the  piston  and  raises  it  ahd  its 
rod,  and  by  that  motion  the  tapit  of  the  plug-tree  is  raised  or 
lowered  as  is  required.  This  mode,  from  error  in  construc- 
tion, or  otherwise,  has  mostly  proved  inefficient  when  the 
burden  of  the  engine  is  liable  to  great  and  rapid  fluctua- 
tions. 

Such  is  the  general  construction  of  engines  now  in  use: 
but  there  are  many  ingenious  contrivances  in  boilers  which 
require  special  notice. 
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Tig.  194  represents  a  boiler  fitted  up  with  all  the  appendage  now  gene- 
rally applied,  and  set  in  a  furnace  of  a  proper  construction.  Part  of  the 
fiiroace  is  shown  in  a  sectional  view.  B  B  B  B  the  boiler>  the  operation  of 
wliich  has  been  described.  C,  the  stcam-g^ge,  represented  at  large  in  fig, 
195.  Its  object  is  to  ascertain  the  pressure  acting  in  the  boiler.  It  is  fonn- 
ed  of  a  bent  iron  tube,  at  one  end  A  communicating  with  the  boiler,  and  at 
the  other  end  B  open  to  the  atmosphere.  The  tube  is  filled  up  to  C  and  D 
with  mercury,  and  has  a  tliin  piece  of  stick,  £,  placed  in  the  leg  B,  which 
floats  perpendicularly  in  the  mercury  at  D.  To  the  leg  B  is  appended  a  flat 
piece  of  brass,  divided  into  inches,  and  numbered  upwards,  to  form  a  scale. 
The  stick  is  made  of  such  length  that  the  top  of  it  shall  be  even  withtlic  fint 
mark  on  the  scale. 

If  the  steam  in  the  boiler  presses  against  the  mercury  at 
C,  and  raises  the  surface,  D,  one  inch,  (which  will  be  indi- 
cated by  the  end  of  the  stick  rising  to  1  upon  the  scale,)  it 
proves  that  there  is  one  half  pound  pressing  per  square  inch 
against  the  internal  surface  oi  the  boiler,  tending  to  burst  it ; 
for  if  the  section  of  the  bore  of  the  pipe  was  just  one  super- 
ficial inch  the  pressure  would  be  supporting  one  cubic  inch 
of  mercury,  which  will  be  found  to  weigh  near  half  a 
pound;  therefore  for  every  two  inches  rise,  one  pound 
pressure  may  be  reckoned,  and  as  condensing  engines  sel- 
dom work  with  more  than  three  or  four  pounds  pressure  up- 
on the  inch,  the  scale  need  not  be  longer  than  eight  or  nine 
inches. 

C<  is  a  strung  iron  plate,  covering  a  circular  or  oval  hole  of  about  18 
inches  diameter,  to  admit  a  man  into  the  boiler  with  a  view  to  clean  or 
examine  it. 

D  is  the  steam  pipe,  containing  tlie  throttle  valve  E,  to  which  the  rod  from 
the  governor  is  connected.  F  F  are  gauge  cocks.  1 1  is  a  feed  pipe  which 
passes  into  the  boiler  and  reaches  very  near  to  the  bottom.  H  H  II  H  the 
cistern,  on  the  top  of  tlie  feed  pipe;  it  is  a  float,  formed  of  stone,  and  balan- 
ced so  as  to  remain  always  on  the  surface  of  the  water  in  the  boiler.  By  the 
raising  and  falling  of  the' water  the  float  acts  upon  tlie  lever  K  K^  by  the  wire 
P,  which  passes  through  a  steam-tight  joint  at  I*,  and  as  the  water  sinks,  draws 
down  the  end  K,  which  raises  K',  and  the  valve  M  attached  to  it.  By  this 
contrivance  when  the  boiler  rcciuires  a  fresh  supply  of  water  the  valve  M 
opens  and  supplies  itfi-om  tlie  cistern  11  H  HH. 

The  feed  pipe  1 1  is  made  to  contain  a  column  of  water  equal  to  the 
amount  of  pressure  exerted  by  the  steam  in  the  boiler,  which  wc  Imve 
already  stated  should  not  exceed  tlic  supporting  of  eight  inches  of  mercury. 
As  one  inch  of  mercury  being  equal  in  weight  to  about  ISJ  inches  of  water, 
the  pipe  should  be  about  nine  feet  high  from  the  surface  of  the  water  when 
the  boiler  is  supplied;  and  tlie  water  in  the  feed  pipe  should  stand  about  three 
feet  when  the  pressure  is  six  inches  of  mercur}^,  or  three  pounds  to  the  square 
inch  of  surface. 

The  feed  pipe  contains  likewise  an  iron  bucket  weight  O,  hung  by  a  chain 
that  passes  over  two  pullics,  P  P;  to  the  other  end  of  the  chain  is  attached  a 
sheet  of  iron  called  a  damper.  When  the  steam  in  tlie  boiler  is  urged  to  too 
great  an  extent,  it  forces  the  water  in  the  feed  pipe  u])wards,  and  raises  the 
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of  the  •tBm)Mi4|vA9tiitbelMQK  snd  preiuog  abovv'tlie  piatof 

«<  Thii  pistofi,  tbinftw^ffliot  withheufblf  the  beam,  wouU  dcKcnd  till  i 
mnm  in  equilibticH  Avm  HawUlgltaMii  of  equal  density  abov^  and  below  it 
Bnl  it  cannot  deaccnd  ao  fiMkcllKjthe  cylipder  A  ia  bui^r  than  R,  and  tfa# 
WBKh  of  the  beaant  at  wlych  tfae.gMt  piaton  ia  aiiapendedy  b  no  loni^  tin 
i«t  the  arm  which  auppotta  the  ipiaton  of  B^  therefore,  when  the  piaton  c^T. 
haa  descended  aa  ftr  aa  the  bjnai  ireU  permit  it,  the  ateam  between  the  ' 
pistons  occupiea  a  larger  apaeier  Ihui  it  did  when  both  pistons  iTere  at 
top  of  their  c^lindetsi  and  ita  ditn«ty  dimfafiiAes  as  its  bulk  increases.  1 
ateam  beneath  the  amall  piston  is»  the^eibffey  not  a  balance,  for  the  ateam  'i 
th^  \ipDtT  aide  of  the  aanie»  and  the  piston  B  ifrill  act  to  depress  tlie 
with  all  tiie  difierence  of  theae  preasures. 

'*  The  slightest  view  of  the  subject  most  show  the  reader,  tfaat^  the  pta- 
tona  dcacend^the  ateam  that  b  between  them  will  grow  continuaUy  Hrer  and 
kaa  elaatici  UkA  that  both  pistons  will  draw  the  beam  downwards. ,  Sappose 
-  BOW,  that  eadh  one  had  reached  the  bottom  of  ita  cylinder,  shut  t£e  cock  Op 
and  tlie  eduction  valve  at  the  bottom  of  A,,  and  (men  the  cocka  b  and  dL  Tile 
communication  being  now  estabhshed  between  i!Uie  upper  and  lower  pert  of 
each' cylinder,  their  pistons  will  be  pressed  equally  on  the  upper  and  lower 
aurfiiceai  in  thia  situation  nothing,  tnerefore;,  hinders  the  counterweight  from 
niaing  the  pistons  to  the  top. 

**  Suppose  them  arrived  at  the  top:  the  cyHnder  B  u  at  this  time  fiOed 
with  ateam  of  the  ordinaiy  density,  and  the  cylinder  A  with  an  eqml 
abaolttte  ouantity  of  steam,  but  expapded  into  a  larger  space.  ,8hnt  the 
cocka  h  ttxi.d^  and  open  the  cock  o,  and  the  eduction  vsJve  at  the  Jbottom  of 
A,  the  Condensation  will  again  operate,  and  cause  the  pistons  t^  descend; 
ten  tiHit Hm  Operation  may  be  repeated  aa  long  aa  steam  b  supplied  i  Mid 
once  ftdl  of  the  cylinder  B  of  orduiaiy  steaa,  b  expended  during  each  wock- 
hig  stroke.*' 

The  cocl^s  of  this  engine  are  composed  of  two  flat  circular 
plates,  ground  very  true  to  each  other,  and  one  of  them  turns 
round  on  a  pin  through  their  centres:  each  is  pierced  with 
three  sectorial  apertures,  exactly  corresponding  with  each 
other,  and  occupying  a.  little  less  than  one-half  of  their  sur- 
faces. By  turning  the  movable  plate  so  that  the  apertures  Co- 
incide, a  large  passage  is  opened  for  the  steam;  and  by  turning 
it  so  that  the  solid  part  ot  the  one  covers  the  aperture  of  the 
other,  the  cock  is  shut.  Such  regulators  are  now  very  com- 
mon in  the  cast-iron  stoves  for  warming  rooms.  Mr.  Horn- 
blower's  contrivance  for  making  the  collars  for  the  piston 
rods  air-tight  is  thus:  the  collar  is  in  fact  two,  placea  at  a 
small  distance  from  each  other,  and  a  small  pipe,  branching 
off  from  the  steam  pipe,  communicates  with  the  space  between 
the  collars.  This  steam,  being  a  little  stronger  than  the 
pressure  of  the  atmosphere,  effectually  prevents  the  air  from 
penetrating  through  the  upper  collar;  and  though  a  little 
steam  should  get  through  the  lower  collar  into  the  cylinder 
A,  it  can  do  no  harm.    The  manner  of  making  this  stuffing* 
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box  b  as  follows:  on  the*  top  of  the  cylinder  is  a  box  to 
contain  something  soft,  yet  pretty  cli»e,  to  embrace  the 
piston-rod  in  its  motion  up  and  down ;  and  this  is  usually  a 
sort  of  plaited  rope  of  white  yam,  nicely  laid  in,  and  rammed 
dowii  gently,  occupying  about  a  third,  of  its  depth ;  upon  that 
is  placed  a  sort  of  tripod,  having  a  flat  ring  of  brass  for  its 
upper^  and  another  for  its  lower  part ;  and  these  rings  are  iqt 
breadth  equal  to  the  space  between  the  piston-rod  and  the 
side  of  the  box.  This  compound  ring  being  put  on  over  the 
•end  of  the  piston-rod,  another  quantity  of  this  rope  is  to  be 
pot  upon  it^  and  gently  rammed  as  before ;  then  there  is  a 
hollow  space  left  between  these  two  packings,  and  that  space 
is  to  be  supplied  with  strong  steam  from  the  boiler.  Thus  is 
the  packing  about  the  piston-rod  kept  in  such  a  state  as  to 
prevent  the  air  from  entering  the  cylinder  when  at  any  time 
there  may  be  a  partial  vacuum  above  the  piston* 

Mr.  Homblower's  description  of  this  en^ne  was  followed 
by  a  mathematical  investigation  of  the  principles  of  its  action, 
by  the  ingenious  Professor  Robison,  which  demonstrates  that 
it  is  the  same  thing  in  effect  as  Mr.  Watt's  expansion  engine ; 
but  though  this  is  itrue,  there  is  a  considerable  difference  in 
the  steps  by  which  the  effect  is  attained,  which  gives  an 
important  advantage  when  it  is  reduced  to  practice.  We 
shall  give  an  investigation  in  a  more  popular  form,  using  only 
common  arithmetic.  Mr.  Hornblower  assumed,  that  the 
power  or  pressure  of  steam  is  inversely  as  the  space  into 
which  the  steam  is  expanded;  this  is  the  case  with  air,  and 
for  the  present  we  will  grant  it  to  be  so  with  steam,  and^ 
reason  from  the  same  data  as  the  ingenious  inventor  gives  us.' 

To  explain  clearly  what  passes  m  the  two  cylinders,  we 
must  deviate  from  the  precise  form  of  the  engine,  and  divest 
ourselves  of  one  complication  of  ideas,  by  reducing  both  cylin- 
ders to  the  same  stroke ;  therefore,  suppose  the  engine  to  be 
made  like  fig.  197,  which  represents  the  two  cylinders  placed 
one  upon  the  other,  the  lower  one  being  double  the  capacity  of 
the  upper  one,  and  both  pistons  being  attached  to  the  same 
rod,  which  may  be  applied  to  the  end  of  the  beam,  so  that  the 
descent  of  the  pistons  must  draw  up  the  load  at  the  opposite 
end  of  the  beam. 

Then,  if  we  suppose  the  small  piston  to  be  ten  inches  in 
diameter,  the  great  piston  must  be  14,14  inches ;  and  to 
avoid  all  difficulties  of  the  ratio  of  the  expansion,  and  the 
pressure  of  steam,  we  will  suppose  the  engine  to  be  worked 
oy  the  pressure  of  atmospheric  air  instead  of  steam ;  and  for 
the  convenienet  of  round  numbers  in  our  calculation  we  will 
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consider  the  prrssure  at  only  ten  pounds  per  circular  inch  on 
the  surface  of  the  piston. 

The  area  of  the  small  piston  will  be  100  circular  inches, 
and  beiog  assumed  to  move  without  friction,  the  pressure  upon 
it  will  be  10  X  100=  1000  pounds.  The  area  of  the  great 
piston  is  twice  as  much,  or  200  circular  inches,  and  the 
pressure  2000  pounds. 

Suppose  both  pistons  to  be  at  the  top  of  their  respective 
cylinders  ;  let  the  atmospheric  air  be  admitted  to  press  freely 
upon  the  upper  surface  of  the  small  piston  ;  and  suppose  the 
space  between  the  two  pistons  filled  with  air  of  the  same 
density',  while  there  is  a  perfect  vacuum  made  in  the  lower 
part  of  the  great  cylinder,  beneath  its  piston. 

Under  these  circumstances,  the  two  pistons  will  begin  to 
descend  with  something  less  than  2O00  pounds  of  pressure  on 
the  great  piston,  by  the  air  contained  in  the  space  between  the 
two  pistons  bearing  on  the  200  inches  of  surface  with  a  weight 
of  10  pounds  per  inch  ;  and  beneath  this  piston  there  is  do< 
thing  to  counteract  the  pressure.  At  the  same  time,  the  small 
piston,  having  air  of  equal  density  above  and  below  it,  is  in 
equilibrio. 

This  force  would  balance  a  load  of  2000  pounds ;  but  sup- 
pose we  diminish  the  load  to  1900  pounds,  then  the  pistons 
will  immediately  begin  to  descend  ;  but  they  will  soon  stop,' 
because  the  air  between  the  two  pistons  must  expand  itself, 
to  fill  the  increasing  space  occasioned  by  the  equal  descent  of 
both  pistons  in  the  cylinders,  one  of  which  is  twice  the  area 
of  the  other ;  and  as  the  air  becomes  rarer,  its  pressure  on  the 
great  piston  must  diminish.  Now  as  this  same  diminution 
occasions  the  small  piston  to  have  a  power  of  descent,  we 
will  first  consider  the  pistons  separately,  and  then  conjointly, 
in  their  power  of  descent,  with  which  they  draw  down  the 
beam. 


^ 


AMD  MAOBIXnT. 


Attn^AepMMrwUlbe  3000 

A*  aw  Ihulli  of  tbe  de> 
■cen^  the  power  will 
have  ditoiiiithed.  by 
ngulu-dtcnineiiU,to  1600 

SrcmOH  Ok  akr  btlm'ttok  Ihe 

HI  I  >f  ifc  af  ihc  pm  EjfliBdu, 

■  mad  antftnHli  of  Uk  siiriiul 
oHeafaieliii  niMi  ihm«,n 
Srnom  oiU  be  u  «  U'  ;  ind 
V  UK  dn^  of  DC  n  a>  ihr  >n- 

Jtt^d^Mf  of  the  de- 
■■it,  A*  power  will 

bm-d^Attedto       1333) 


At  fint  die  power  win  be       * 

MMpDadtBMC 


■Bidi  an  mill  Bhw  h  iTdi!«J 

~«m  lh(  lira  niw  ki  BnA 

Fldh  IW  HHHR  ihvn  ite 
iMBMS&iKiiBbaUn.  The 

ViiiB^n  innrT  tim 


HtM»WV«rthe|tMt«c,  toM  — aMM,1AHeA•dwn»■ 


unfL 

AltfaNeAonhi  of  the 
de*GCiit,the  powerwill 
beoBljr  1142^ 


■■■njawefcnitticr 


CT'.Afelg.iSr,. 

At  Ae  bottom  of  the  cy- 
findntbepowervillbe  1000 
Be^BK  AflBlr  bba  ficeutrr 

S  WMg  KpBl  ta  >wiR  IBc  inull 
iiBidii  iiHiHI  M  flnl filled. 
TWl— »w  wiDlki^bn  be 

■r  ^IrrfTTI  

Sum  of  Ac  poven  ex-p 
ertcd  bf  the   gTeUV7076 
[ustan  in  iti  iletecnt.  3 


At  onc'ANitth     1800 


At  onejutf  of  die  de- 
•ceut  the  power  will 
h»ve  inereued  to      ■     333j 

"-  DHHI*? * 


»-Ul*S_^l-S 


At  three-fburtb*  of  die 
detccnt,     the    power 

will  be 438^ 

Hume  At  Tfumn  bnaA 
icdnnil  br  the  nrin  gC  Ihc 
'  n  DiBtwnnki  iTiOM  — 


At  the  bottom,  the  power 

wiUbe i 

BfooK  (he  lir  btneuh  Ac 
piitoii  n  wdHwd  Id  oge^Kir  •£ 
\a  ritwuF,  sr  MO,  whieb.de- 


1664 


At  tbreeJbnrtb*  15714 


At  the  bottom    1500 


188  TU£  OPERATIVE   MECHANIC 

X^pen  the  acUon  of  ihis  engine  Dr.  Rees,  in  his  Cyclopcdiflt 
pments  us  with  the  following  remarks,  and  comparative  itttft^ 
^ent  between  it  and  Mr.  Watt's  principle  of  expansion.  . 

Kow  let  us  consider  how  Mr.  Watt^  principle  of  ezjpAn- 
tion  would  operate  in  the  same  circumstance ;  that  is,  la  a 
qrlinder  of  14,14  inches  diameter;  which  is  to  be  supplVBd, 
with  air  of  10  pounds  pressure  per  circular  inch,  until  it  haa. 
completed  one-half  of  its  descent,  and  leaving  the  remato^ar 
of  the  descent  to  be  accomplished  by  the  expansion  of  ibt 
air  already  contained  in  the  upper  half  of  the  cylinder.  < 


At  the  beginning,  the  power  of  descent  wUI  be      ...... 

At  one-fourth,  the  power  will  still  be       ••" 

At  one-half,  the  power  will  be ---. 

At  three-fourths  of  the  descent,  the  power  will  be  diminished  to      -    1S33| 

Because  the  air  must  occupy  one-fourth  of  the  length  of  the  . 
cylinder,  in  addition  to  tbat  half  of  the  cylinder  which  it  occupied 
before  the  expansion  began;  therefore  the  space  is  one  and  a  half 
times  the  fcamer,  or  as  3  to  2,  and  the  pressure  will  be  two4hifid8 
of  2000. 
At  the  bottom,  the  pressure  will  be ..••.. 

Because  the  air  is  ejqpanded  to  occupy  twice  the  space  it  fiDed 
belbve* 


The  sum  total  is  very  nearly  the  same  as  the  former,  jbui 
both  are  greater  than  they  should  be,  from  the  impeiftiei. 
manner  in  which  we  have  been  obliged  to  make  our  ieakalpt^ 
tion,  so  as  to  express  it  in  common  arithmetic  without faati^ 
recourse  to  fluxions,  which  is  the  only  method  of  trcatrng^^ 
quantities  that  are  constantly  increasing  or  decreasing  by  any 
given  law. 

The  source  of  the  inaccuracy  is  easily  explained :  at  first 
we  set  with  the  pressure  at  2000  pounds  in  Mr.  Homblower'a 
engine,  and  did  not  take  into  the  account  that  it  decreases 
at  all,  until  the  piston  has  descended  to  one-fourth,  but 
reasoned  as  though  it  diminished  all  at  once  at  that  place  $ 
whereas  it  began  to  diminish  from  the  very  first  starting. 
Here  then  we  have  taken  a  small  quantity  too  much.  In  the 
same  manner,  our  process  takes  no  notice  of  the  diminuUoa 
which  happens  between  one-fourth  and  one-half  of  die 
descent,  or  between  the  other  points  at  which  we  have 
chosen  to  examine  it ;  the  result  is,  as  if  the  diminution  took 
place  suddenly  at  each  of  those  points.  The  remedy  for  thia 
would  have  been  to  have  taken  the  account  at  a  greater 
number  of  places,  as  it  is  by  fluxions  alone  that  we  can  take 
an  infinite  number,  so  as  to  obtain  a  true  result.    Now  ia  ifae 
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second  calculation  of  Mr.  Watt's  expansion-engine,  we  have 
taken  a  still  less  number  of  steps  for  the  consideration  of  the 
expansion,  because,  although  there  are  four  steps  in  the  pro« 
cess,  two  of  them  are  before  the  expansion  begins. 

This  is  the  reason  of  the  apparent  difference;. for  in  reality 
there  is  none  in  the  sum  total  of  the  varying  powers  exerted 
through  the  whole  stroke,  as  will  appear  to  any  person  who 
will  take  the  trouble  to  read  Professor  Robison's  investiga- 
tion. But  if  we  consider  the  difference  of  the  manner  in 
which  the  whole  power  is  expended  during  the  stroke,  we 
shall  see  great  reason  to  prefer  Mr.  Hornblower's  method, 
from  the  much  greater  uniformity  of  the  action  ;  it  begins  at 
3000,  and  ends  at  1500,  whilst  Mr.  Watt's  begins  at  2000, 
and  ends  at  1000;  hence  the  necessity  of  those  ingenious 
contrivances  for  equalizing  the  action  in  Mr.  Watt's  patent 
of  1782.  Mr.  Hornblower's  is  not  uniform,  but  approaches 
unifonnity  more  nearly,  so  that  he  could  have  carried  the 
effect  of  die  expansive  principle  much  farther,  in  employing 
stronger  steam,  than  we  believe  he  ever  proposed  to  do. 

We  have  been  thus  full  upon  this  subject,  because  the 
gaining  more  power  by  the  expansion  of  air  or  steam  acting 
in  double  cylinders,  has  been  a  favourite  idea  with  many,  and 
there  are  no  less  than  five  different  patents  for  it,  but  several 
of  these  have  been  upon  mistaken  notions ;  neither  Mr.  Watt's 
nor  Mr.  Hornblower's  can  have  any  advantage  from  shutting 
off  the  air,  or  from  a  double  cylinder,  when  air  is  used  to 
press  the  piston ;  nor  could  they  derive  any  advantage  from 
the  expansion  of  steam  in  their  engines,  if  the  pressure  of  it 
was  inversely  as  the  space  it  occupies. 

The  advantage  of  the  expansive  principle  arises  wholly 
from  a  peculiar  property  of  steam,  by  which,  when  suffered 
to  expand  itself  to  fill  a  greater  space,  it  decreases  in  pressure 
or  elastic  force  by  a  certain  law,  which  is  not  fully  laid  down ; 
that  is,  the  relation  between  its  expansive  force  and  the 
space  which  it  occupies  is  not  clearly  decided:  but  Mr. 
Woolf  has  found  that,  by  applying  these  properties  in  their 
fullest  extent  to  the  double-cylinder  engine,  he  can  make 
most  important  improvements  in  the  effects  which  can  be 
obtained  from  any  given  quantity  of  fuel.  Steam  is  a  fluid 
so  different  from  air,  as  to  have  no  one  property  in  common 
with  it,  except  elasticity.  This  elasticity  is  wholly  derived 
from  ^e  quantity  of  heat  which  it  contains,  and  its  force 
increases  and  diminishes  with  the  quantity  of  heat ;  but  by 
what  law  it  increases  or  diminishes  we  are  uncertain,  because 
we  have  no  measure  of  the  actual  quantity  of  heat  which  is 
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contained  in  steam  of  wy  given  elastic  force.  All  we  know 
widi  certunty  is  what  is  stated  in  our  uble  of  tmp^mimii 
yi^^  that  water,  being  converted  into  steam,  and  confined  in 
ji  close  vessel,  when  heated  until  the  thermometer  indicMS 
a  ceruin  temperature,  will  have  a  certain  pressure  ct  cla^ 
force.  But  here  we  must  observe,  that  the  thermomet(Qi!. 
indicates  only  the  intensity  of  the  heat,  without  aSbrding  a 
direct  measure  of  its  quantity.  When  steam  is  suSerA  IS 
expand  itself  into  anv  given  space,  the  quantity  of  rarefied 
water  which  will  be  tound  to  be  contained  in  any  given  bulk 
of  steam,  in  its  expanded  state,  must  be  undoubtedly  prapor* 
tioned  to  the  quantity  of  water  contained  in  tiie  same  milk 
of  the  steam,  before  the  expansion  took  place,  in  the  iovcrss 
ratio  of  the  Space  which  it  originally  occupied,  and  diat  space 
which  it  fills  when  expanded ;  but  we  cannot  say  that  tlua  is 
the  case  with  heat;  and  it  is  the  quantity  of  heat  alone  wUdi 
determines  the  elastic  force. 

•  We  believe  that,  in  practice,  Mr.  Homblower  was  not  ahk 
to  obtain  any  greater  effect  from  the  application  of  tiie  dfit. 
pansive  action  in  two  cvlinders,  than  Mr^  Watt  did  in  one 
cylinder.  In  1791— .2,  ne  erected  an  engine  in  Cornwall  at 
Tin-Croft  mine,  of  which  die  large  cylinder  was  ST  inches 
diameter,  and  worked  with  a  stroke  of  eight  feet.longi  an^ 
the  small  cylinder  SI  inches  diameter,  working  with  A  six 
feet  stroke.  The  only  account  we  have  been  able  to  bbttun 
of  the  performance  of  this  engine,  is  from  a  pamphlet  pub- 
lished by  Thomas  Wilson,  an  agent  of  Messrs.  Boulton  and 
Watt,  professedly  with  a  view  to  prevent  the  introduction  of 
Mr.  Hornblo>ver's  engines  into  that  country,  in  which  he 
makes  it  appear,  that  it  raised  onlv  14,222,120  pounds  of 
water  one  foot  high  with  each  bushel  of  coals. 

In  Mr.  Hornblower's  own  account  of  his  engine,  in  Gre- 
gory's Mechanics^  he  informs  us,  ^^That  an  engine  was 
erected  in  the  vicinity  of  Bath,  some  years  since,  on  this . 
principle,  and  under  very  disadvantageous  circumstances, 
the  engine  had  its  cylinders  19  inches  and  24  inches  dia- 
meter, with  lengths  of  stroke  in  each  suitable  to  the  occasion : 
viz.  six  feet  and  eight  feet  respectively.  The  condensing 
apparatus  was  very  bad,  through  a  fear  of  infringement  on 
Mr.  Watt's  patent,  and  the  greatest  degree  of  vacuum  which 
could  be  obtained,  was  no  more  than  27  inches  of  mercury. 
The  engine  worked  four  lifts  of  pumps  to  the  depths  of  576 
feet,  4500  pounds,  14  strokes  in  a  minute,  six  feet  each,  with 
a  cylinder  six  feet  long,  and  19  inches  diameter,  with  a 
great  deal  of  inertia  and  friction  in  the  rods  and  buckets  $ 
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•ome  of  the  latter  of  which  were  not  mote  dian  $i  inchea 
dismeter :  and  this  it  did,  under  all  these  disadvantageous 
ctrcuattanifts,  widi  70  pounds  of  coal,  (light  coal,)  per  boor.'' 

Td  redace  this  to  the  standard  of  one  footlugb,  we  most  put  ths  losd  4500 
Mnkids  X  6  feet  stroke  a*  2r»000  pounds  which  the  engine  rsiaed  <me  foot 
1^  St  ereiy  stroke;  37,000  pounds  X  14  strokes  per  minute  m^  378^000 
mads  nised  one  foot  hi^esch minute;  378,000  pounds  X  60wa^fi9KifiO& 
poonds  rsised  one  foot  high  per  hour,  or  with  70  pounds  of  costs.  As  tbs 
sre  ststed  to  be  fight,  we  will  tske  them  st  only  84  pounds  per  bushel, 
^  of  88  pounds,  ss  Mr.  ^meston  ^d,  snd  say  as  70  pounds :  3^680^800 
::  84  pounds  :  37,316,000  pounds  of  water  nused  one  foot  high  with 
akadbd  of  coslsy  which  b  a  very  good  performance  but  not  gres^  thsn 
lir.  Wtttfs. 

In  this  engine,  Mr.  Homblower  say  a  that  two  remarkable 
cHrcunistances  presented  themselves  to  show  the  advantages 
of  tiiia  jspplication  of  the  principle :  the  one  was,  that  uie 
iikn  who  attended  the  engine  would  sometimes  detach  the 
smaller.cylinder  from  the  beam,  and  work  only  with  ^e  large 
one,  and  then  the  boiler  would  scarcely  raise  steam  enough 
<0  keep  the  engine  going;  but  no  sooner  was  the  small 
eyrlinder^rod  attached  to  the  beam,  than  the  engine  resumed 
ha  wonted  activity,  and  the  steam  would  blow  up  the  safety- 
Valve. 

The  next  circumstance  is,  that  when  the  detent,  which 
kept  the  exhausting  valve  shut,  happened  to  miss  its  action, 
the  piston  would  be  checked,  as  it  were,  not  being  permitted 
to  nse  through  the  whole  of  the  returning  stroke;  and  it 
would,  as  by  an  intuitive  nature,  come  down  again  and  again^ 
until  the  detent  performed  its  office,  which  is  a  practical  ar- 
gument for  the  power  of  tiie  engine  at  the  termination  of  its 
stroke. 

Several  engines  have  been  constructed  upon  the  principles 
of  admitting  a  further  expansion  of  the  steam  in  a  second 
cyfinder.  The  one,  however,  which  has  been  most  effectually 
tried  by  comparison,  is  that  which  goes  by  the  name  of 
WoolPs  engine.  An  account  of  which  we  transcribe,  toge- 
Aer  with  other  improvements  in  the  minor  parts,  which  from 
their  ingenuity  are  worthy  of  notice. 

In  1804,  Mr.  Arthur  Wbolf  had  a  patent  for  improvements 
in  steam-engines.  The  specification  of  his  invention  states, 
that  he  has  ascertained  by  actual  experiment,  and  reduced  to 
practice,  the  following  particulars  respecting  the  expansibility 
of  steam.  That,  in  practice,  it.  is  found  that  steam,  acting 
with  the  expansive  force  of  four  pounds  pressure  per  square 
inch  against  a  safety*valve  exposed  to  the  atmosphere,  is 
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capable  of  expanding  itself  to  four  timeB  the  volume  it  then 
occupies^  and  still  to  be  equal  to  the  pressure  of  the  atmo- 

Shere  t  that^  in  like  manner,  steam  of  tne  force  of  Ifive  pounds 
B  square  inch,  can  expand  itself  to  five  times  its  volume; 
and  that  masses  or  quantities  of  steam  of  the  lilce  expansive 
force  of  six,  seven,  eight,  nine,  or  ten  pounds  pressure  per 
square  inch,  can  expand  to  six,  seven,  eight,  nine,  or  ten  time* 
dieir  volume,  and  still  be  respectively,  equal  to  the  atmosphere, 
or  capable  of  producing  a  sufficient  action  against  the  pis^ 
of  a  steam-engine,  to  cause  the  same  to  rise  in  the  atmo* 
spheric  engine  of  Newcomen  with  a  counterpoise,  or  to  be 
carried  into  the  vacuous  part  of  the  cylinder  of  the  improved 
^  engine,  first  brought  into  effect  by  Mr.  Watt :  that  this  ratio 
is  progressive,  and  nearly,  if  not  entirely,  uniform ;  so  that 
steam  pressing  with  the  expansive  force  of  20,  30,  40,  or  50 
pounds  the  squsu^  inch  against  a  common  safety-valve,  will 
expand  itself  to  20,  30,  40,  or  50  times  its  volume ;  and  thati 

Saerallv,  as  to  all  the  intermediate  or  higher  degrees  of 
Stic  K>rce^  the  number  of  times  which  steam  of  any  tem- 
perature and  force  can  expand  itself,  is  nearly  the  same  as 
the  number  of  pounds  it  is  able  to  sustain  on  a  square  inch 
exposed  to  the  common  atmospheric  counter-pressure ;  nro- 
vided  always,  that  the  space,  place,  or  vessel,  in  which  K  is 
allowed  to  expand  itself,  be  kept  at  the  same  temperature  as 
that  of  the  steam,  before  it  is  allowed  room  to  expand. 

Respecting  the  different  degrees  of  temperature  required 
to  bring  steam  to,  and  maintain  it  at,  different  expansive 
forces  above  the  weight  of  the  atmosphere,  Mr.  Woolf  states, 
that  he  has  found  by  actual  experiment,  setting  out  from  the 
boiling  point  of  water,  or  212^  of  Fahrenheit,  at  which  de- 
gree steam  of  water  is  only  equal  to  the  pressure  of  the 
atmosphere ;  that,  in  order  to  give  an  increased  elastic  force 
equal  to  five  pounds  on  each  square  inch,  the  temperature 
must  be  raised  to  about  227i^,  when  it  will  have  acquired  a 
power  to  expand  itself  to  five  times  its  volume,  and  still  be 
equal  to  the  atmosphere,  and  capable  of  being  applied  as  such 
in  the  working  of  steam-engines  according  to  his  invention. 
Various  other  pressures,  temperatures,  and  expansive  forces 
of  steam,  are  snown  in  the  following  table. 
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Woolp9  TabU  of  the  relative  pressures  per  sauare  inch;  thg- 
temperature  tind  expansibility  of  steam  at  different  degrees  of 
heat  above  the  boiling  point  of  water ^  beginning  with  the 
temperature  of  steam  of  an  elastic  force  equal  to  five  pounds 
per.  square  inch^  and  extmding  to  steam  able  to  sustain  forty 
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And  so  in  like  manner,  by  small  additions  of  temperaturej 
as  expansive  power  may  be  given  to  steam  to  enable  it  to 
expand  to  50,  60,  70,  80,  90,  lOO,  200,  300,  or  more  times  its 
volume^  without  any  limitation  but  what  is  imposed  by  the 
frangible  nature  of  every  material  of  which  boilers  and  other 
parts  of  steam-engines  can  be  ftiade.  Prudence  dictates  that 
the  expansive  force  should  never  be  carried  to  the  utmost 
which  the  materials  C2|n  bear,  but  rather  be  kept  considerably 
within  that  limit. 

Having  thus  explained  the  nature  of  his  discovery,  Mr. 
Woolf  proceeds  to  give  a  description  of  his  improvements 
grounded  thereon. 

If  the  engine  is  constructed  originally  with  the  intention  of 
adopting  these  improvements,  it  ought  to  have  two  steam 
cylinders  of  different  dimensions,  and  proportioned  to  each 
other,  according  to  the  temperature  or  the  expansive  force 
determined  to  be  communicated  to  the  steam  made  use  of  in 
working  the  engine  ;  for  the  smaller  steam -vessel  or  cylinder 
must  be  a  guide  for  the  larger.  For  example ;  if  steam  of 
forty  pounds  the  square  inch  is  fixed  on,  then  the  smaller 
cylinder  should  be  at  least  one-fortieth  part  the  contents  of 
the  larger  one.  Each  cylinder  should  be  furnished  with  a 
piston,  and  the  smaller  cylinder  should  have  a  communica- 
tion, both  at  its  top  and  bottom,  (top  and  bottom  being  here 
employed  merely  as  relative  terms,  for  the  cylinders  may  be 
worked  in  a  horizontal,or  any  other  required  position,  as  well  as 
vertical,)  with  the  boiler  which  supplies  the  steam ;  and  the 
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itimunic^tions,  by  means  of  corks  or  valves  of  any  construc- 
1  adapted  to  the  use,  are  to  be  alternately  opened  and  shut 
ring  the  working  of  the  engine.  The  top  of  the  small  cylin- 
r  should  have  a  communication  with  the  bottom  of  the  larger 
inder,  and  the  bottom  of  the  smaller  one  with  the  top  of 
larger,  with  proper  means  to  open  and  shut  them  alter- 
nately by  cocks,  valves,  or  any  other  well-known  contrivance. 
And  both  the  top  and  bottom  of  the  larger  cylinder  should, 
while  the  engine  is  at  work,  communicate  alternately  with  a 
condensing  vessel,  into  which  a  jet  of  water  is  admitted  to 
hasten  the  condensation  ;  or  the  condensing  vessel  may  be 
cooled  by  any  other  means  calculated  to  produce  that  effect. 
This  arrangement  being  made,  when  the  engine  is  set  to 
work,  steam  of  a  high  temperature  is  admitted  from  the 
boiler  to  act  by  its  elastic  force  on  one  side  of  the  stnaller 
piston,  while  the  steam  which  had  last  moved  it  has  a  com- 
munication with  the  larger  steam-vessel  or  cylinder,  where  it 
follows  the  larger  piston,  now  moving  towards  that  end  of  iti 
cylinder  which  is  open  to  the  condensing  vessel.  Let  both 
pistons  end  their  stroke  at  one  time  ;  and  let  us  now  suppoK 
ihcm  both  at  the  top  of  their  reapcciivc  cylinders,  ready  to 
descend  ;  then  the  steam  of  forty  pounds  the  square  inch, 
entering  above  the  smaller  piston,  will  carry  it  downwards; 
while  the  steam  below  it,  instead  of  being  allowed  to  escape 
into  the  atmosphere,  or  applied  to  any  other  purpose,  will 
pass  into  the  larger  cylinder  above  hs  piston,  which  will 
make  its  downward  stroke  at  the  same  time  that  the  piston 
of  the  smaller  cylinder  is  doing  the  same  thing;  and  while 
this  goes  on,  the  steam  which  last  filled  the  larger  cylinder  in 
the  upward  stroke  of  the  engine  will  be  passing  into  the  coo- 
denser,  to  be  condensed  during  the  downward  stroke.  When 
the  pistons  in  the  smaller  and  larger  cylinder  have  thus  been 
made  to  descend  to  the  bottom  of  their  respective  cylinders, 
then  the  steam  from  the  boiler  is  to  be  shut  off  from  (he  top, 
and  admitted  to  the  bottom  of  the  smaller  cylinder.  The 
communication  between  the  bottom  of  the  smaller  and  the  top 
of  the  larger  cylinder  is  also  to  be  cut  off;  and  the  communi- 
cation is  to  be  opened  between  the  top  of  the  smaller  and  the 
bottom  of  the  larger  cylinder.  The  communication  between 
the  bottom  of  the  larger  cylinder  and  the  condenser  is  to  b« 
cut  off,  and  the  steam  which,  in  the  downward  stroke  of  the 
engine,  filled  the  upper  part  of  the  larger  cylinder,  suffered 
to  flow  off  to  the  condenser.  The  engine  will  then  make  it» 
upward  stroke  from  the  pressure  of  the  steam  in  the  top  oJ 
small  cylinder  acting  beneath  the  piston  of  the  great  cylio 
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and  so  on  alternately,  admitting  the  steam  to  the  difierent  sides 
of  the  smaller  piston,  while  the  steam  last  admitted  into  the 
amaller  cylinder  passes  alternately  to  the  different  sides  of  the 
larger  piston  in  the  larger  cylinders  :  the  top  and  bottom  of 
which  are  at  the  same  time  made  to  communicate  alternately  ^ 
wit^  the  condenser.  ^ 

In  an  engine  working  in  the  manner  just  described,  while  ^-^^ 
die  steam  is  admitted  on  one  side  of  the  piston  into  the  smal- 
ler cylinder,  the  steam  on  the  other  side  has  room  made  for 
its  admission  into  the  larger  cylinder,  on  one  side  of  its  piston, 
by  the  condensation  taking  place  on  the  other  side  of  the  large 
piston  which  is  open  to  the  condenser ;  and  that  waste  of  steam 
which  takes  place  in  engines  worked  only  by  the  expansive 
force. of  steam,  from  steam  passing  the  piston,  is  prevented; 
for  all  steam  that  passes  the  piston  in  the  smaller  cylinder 
is  received  into  the  larger. 

In  such  an  engine,  where  it  may  be  more  convenient  for 
any  particular  purpose,  the  arrangement  may  be  altered,  and 
the  top  of  the  smaller  made  to  communicate  with  the  top  of 
the  larger  cylinder ;  in  which  case  the  only  difference  will  be, 
that  when  the  piston  in  the  smaller  cylinder  descends,  that  in 
the  larger  will  ascend,  and  vice  versa;  which,  on  some  occa- 
sions, may  be  more  convenient  than  to  have  the  two  pistons 
moving  in  the  same  direction. 

This  engine  is  exactly  the  same  in  its  action  as  Mr.  Horn- 
blower's,  which  we  have  before  described.  The  novelty  con- 
sists in  the  application  of  steam  of  a  high  pressure  thereto, 
and  in  proportioning  the  capacities  of  the  two  cylinders  to  the 
expansibility  of  the  steam,  according  to  his  table.  But  Mr. 
W.  goes  on  to  state,  that  effectual  means  must  be  used  to 
keep  up  the  requisite  temperature  in  all  parts  of  the  appa- 
ratus into  which  the  steam  is  admitted,  and  in  which  it  is  not 
intended  to  be  condensed ;  and  here  it  may  be  proper  to  state, 
that  instead  of  the  usual  means  of  accomplishing  this,  by  en- 
closing them  in  the  boiler,  or  in  a  steam-case  communicating 
with  the  boiler,  a  separate  fire  may  with  advantage  be  made 
under  the  steam-case  containing  the  cylinders,  which  in  that 
event  will  become  a  second  boiler,  and  must  be  furnished  with 
a  safety-valve,  to  regulate  the  temperature.  By  means  of  the 
last-mentioned  arrangement,  the  steam  from  the  smaller  cylin- 
der, or  steam  measurer,  may  be  admitted  into  the  larger  cylin- 
der, when  kept  at  a  higher  temperature  than  the  steam  in  the 
smaller  cylinder,  by  which  its  power  to  expand  itself  may  be 
increased ;  and,  on  the  contrary,  by  keeping  the  larger  cylin- 
der at  a  lower  temperature  than  the  smstller,  its  expansibility' 
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ined,  which,  on  particular  occasions,  and  for  par- 

oses,  may  be  desirable.     In  every  case  care  must 

■  nat  the  boiler,  or  case  in  which  the  cylinder  is  cn- 

icu,  irir  sieain'pipcs,  and  generally  all  the  parts  exposed 

[he  action  of  the  expansive  force  of  the  steam,  shall  have  a 

engih  pniporiioncd  to  the  high  pressure  to  which  they.are 

be  exposed. 

it  is  not  advisable  that  the  proportion  of  the  capacilj'  of 
the  smaller  cylindtr,  or  steam-measurer,  to  the  capacity  oi  the 
larger  or  working  cylinder,  should  in  any  case  be  smaller  thaa 
the  proportion  of  the  expansion  of  the  stram  which  is  to  be 
used  in  it,  as  wc  have  stated,  yet,  in  the  making  of  it  larger, 
considerable  latitude  may  be  allowed;  for  example,  with 
steam  of  forty  pounds  the  square  itich,  a  small  cylinder,  or 
measurer,  of  one-twentieth,  or  even  larger,  instead  of  one  of 
fortieth  the  capacity  of  the  larger  or  working  e>  linder,  and  so 
with  steam  of  any  given  strength.  And  in  many  cases  it  may 
be  advisable  that  this  should  be  the  case,  because  of  the 
dilGculty  of  preventing  some  waste  of  steam,  or  partial 
condensation,  which  might  lessen  the  rate  of  working,  if 
not  allowed  for  in  the  size  of  the  small  cylinder  or  steam- 
measurer. 

In  all  cases  when  the  engine  is  ready  for  working,  whatever 
may  be  <he  proportion  that  has  been  adopted,  or  intended  to 
be  worked  with,  it  should  have  iis  power  tried  by  altering  the 
load  on  the  valve  that  ascertains  the  force  of  the  steam,  in 
order  that  the  strength  of  steam  best  adapted  for  the  eofpne 
may  be  ascertained,  for  it  may  turn  out  to  be  advantageous, 
that  the  steam  should  l>e  employed  in  particular  engines  of 
an  elastic  force  somewhat  over  or  under  what  was  firtt  in- 
tended. 

Mr.  Woolf  also  states,  that  Mr.  Watt's  engines  may  be 
improved  by  the  application  of  his  discovery  in  making  the 
boiler,  and  the  steam-case  in  which  the  working  cylinder  ii 
enclosed,  much  stronger  than  usual,  and  by  altering  die 
structure  and  dimensions  of  the  valves  for  admitting  steam 
from  the  boiler  into  the  cylinder  in  such  a  manner  that  the 
Bteam  may  be  admitted  very  gradually  by  a  progressive 
enlargement  of  the  apeiture,  so  as  at  first  to  wiredraw  the 
steam  and  afterwards  to  admit  it  more  freely.  The  reason  of 
this  precaution  is  this,  that  steam  of  such  elastic  force  as 
Mr.  Woolf  proposes  to  employ,  if  admitted  suddenly  into  the 
cylinder,  would  strike  the  piston  with  a  force  as  would  en- 
danger the  safety  and  durability  of  the  engine.  The  apertu* 
allowed  for  admitting  steam  into  the  cylinder,  or  cyUodcn, 
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should  be  regulated  by  the  following  considemtioD.  If  the 
intention  is  that  the  engine  should  work  wholly,  or  almost 
wholly,  by  condensation,  the  steam,  in  passing  into  the  cylin- 
der, should  be  forced  to  wiredraw  itself  only  so  much  that 
the  piston  may  perform  the  whole,  or  a  great  part  of  the 
stroke,  b>*  the  time  that  the  intended  quantity  of  steam  has 
been  admitted  into  the  cylinder.  For  example,  when  steam 
of  forty  pounds  on  the  square  inch  is  used,  such  a  quantity  of 
it  must  be  allowed  to  enter  as  shall  be  equal  to  one-fortietn  of 
the  capacity  of  the  cylinder,  and  so  in  proportion  when  steam 
of  any  other  force  is  employed ;  and  when  the  requisite  quanr 
tity  has  been  admitted,  the  steam  is  to  be  shut  off  till  the 
proper  moment  for  admitting  a  fresh  quantity.  But  if  it  is 
intended  that  advantage  shall  also  be  taken  of  the  elastic  force 
of  the  steam  acting  on  one  side  of  the  piston,  while  conden- 
sation goes  on  on  the  other  side,  then  the  steam  must  be  ad-^ 
mitted  more  freely,  but  still  with  caution  at  first,  for  the  rea-  Yr: 
son  already  mentioned. 

This  latter  is  the  same  thing  as  Mr.  Watt's  expansion 
engine ;  but  with  the  addition  of  gradually  diminishing  the 
aperture  of  the  steam-yalve  as  the  piston  descends,  instead  of 
stopping  it  altogether  at  a  certain  portion  of  the  descent,  by 
which  means  the  action  of  the  engine  is  rendered  more  uni« 
form.  We  think  that,  by  regulating  the  descent  of  the  yalve 
by  an  accurate  movement,  a  very  good  effect  may  be  pro- 
duced in  this  manner,  without  the  complication  of  two  cylin- 
ders or  other  parts  ;  the  only  objection  is,  that  if  at  any  time 
the  valve  should  be  fully  opened  by  accident,  the  pressure 
might  suddenly  become  so  great,  from  the  strong  steam  act- 
ing upon  the  full  surface  of  the  piston,  as  to  break  the  engine 
to  pieces. 

In  1805,  Mr.  Woolf  took  out  a  second  patent  for  further 
improvements,  in  which  he  proposes,  as  before,  to  apply  fire 
to  the  cylinder  itself,  to  heat  the  steam  after  it  is  thrown  into 
the  working  cylinder;  and  this  was  to  be  done  by  a  fire 
being  placed  beneath  the  case  containing  the  cylinder :  the 
space  between  the  case  and  the  cylinder  was  to  be  filled  with 
oil,  wax,  fusible  metal,  or  mercury.  He  also  proposes  a 
method  of  preventing  the  passage  of  any  of  the  steam  from 
that  side  ot  the  piston  which  is  acted  upon  by  the  steam,  to 
the  other  side,  which  is  open  to  the  condenser.  In  those 
steam-engines  which  act  as  double  engines,  he  effects  this  by 
employing,  upon  or  about  the-  piston,  a  column  of  mercury 
-or  fluid  nietal,  in  an  altitude  equal  to  the  pressure  of  the 
steam.     The  efficacy  of  this  arrangement  will,  he  says, 
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appear  obvious,  from  attending  to  what  takes  place  in  the 
working  such  a  piston.  When  the  piston  is  ascendiag, 
that  is,  when  the  steam  is  admitted  below  it.  the  space  on  iu 
upper  side  being  open  to  the  condenser,  the  steam,  endea- 
vouring to  pass  up  by  the  side  of  the  piston,  is  met,  and 
effeciually  prevented  by  the  column  of  metal,  equal  or  su- 
perior to  it  in  pressure,  and  during  the  down  stroke,  no 
steam  can  possibly  pass  without  first  forcing  all  the  metal 
through. 

In  working  what  is  called  a  single  engine,  a  less  consider- 
able altitude  of  metal  is  required,  because  the  steam  always 
acts  on  the  upper  side  of  the  piston  ;  and  in  this  case,  oil,  or 
wax,  or  fat  of  animals,  or  similar  substances,  in  sufficient 
quantities,  will  answer  the  purpose,  But  care  must  be  taken, 
cither  in  the  double  or  single  engine,  when  working  with  this 
jiision,  that  the  outlet  which  conveys  the  steam  to  the  con- 
denser shall  be  so  situated,  and  of  such  a  size,  that  the  steam 
may  pass  freely,  without  forcing  before  it,  or  carrying  with 
it,  any  of  the  metal  or  other  substance  employed  that  may 
have  passed  by  the  piston  i  and  at  the  same  time  providing 
another  exit  for  the  metal,  or  other  substance  collected  at  the 
bottom  of  the  cylinder,  to  convey  the  same  into  a  reservoir 
kept  at  a  proper  heat,  whence  it  is  lo  be  returned  to  the  upper 
side  of  the  piston  by  a  small  pump,  worked  by  the  engine, 
or  by  some  other  contrivance.  In  order  that  the  fluid  metal 
used  with  the  piston  may  not  be  oxydaieii,  some  oil  or  other 
fluid  substance  is  always  to  be  kept  on  its  surface,  to  prevent 
its  coming  in  contact  with  the  steam ;  and  to  prevent  the  ne- 
cessity of  employing  a  large  quantity  of  fluid  metal,  although 
the  piston  must  be  as  thick  as  the  depth  of  the  column  re- 
quired, the  diameter  need  be  only  a  litde  less  than  the  steam- 
vessel  or  working  cylinder,  excepting  where  the  packing,  or 
other  fitting,  is  necessary  to  be  applied  ;  so  that,  in  fact, 
the  column  of  fluid  metal  forma  only  a  thin  body  round  the 
piston. 

We  have  seen  an  engine  of  an  eight-horse  power  of  this 
kind  at  work,  with  a  fluid  metal  on  the  pistons ;  it  effectually 
prevented  the  leakage.  But  as  it  required  to  have  the  cylin- 
ders twice  as  long  as  usual,  in  order  to  have  sufficient  room 
for  the  long  or  thick  pistons  which  it  required,  and  as  these 
pistons  must  be  of  considerable  weight,  the  method  is  not  at 
all  applicable  in  practice  ;  and,  indeed,  the  increase  of  the 
bulk  of  the  moving  parts  is  such  as  to  counterbalance  the  ad- 
vantage, which  is  confined  to  the  saving  of  steam  by  leakage  » 
for  the  fricUoQ  must  be  greater  than  in  another  engioe. 
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because  the  piston  must  be  packed  as  tight  as  usual^tobeaUia 
to  sustain  a  column  of  fluid  metal,  which  must  be  more  lluui 
equal  in  pressure  to  that  of  the  steam ;  and  when  the  steam 
presses  upon  the  piston,  the  pressure  of  the  fluid  metal  to  leak 
bjjr  the  piston  must  be  double  that  of  the  steam :  also  the  firic- 
tion  of  so  great  a  surface  of  fluid  metal  pressing  agunst  the 
inside  of  the  cylinder  is  very  great. 

In  1810,  Mr.  Woolf  had  a  third  patent,  the  object  of  which 
is  to  prevent  the  waste  of  steam  from  leakage  1:^  the  p\ston« 
For  this  purpose  he  does  not  allow  the  steam  to  come  to  the 

•  piston  at  all,  but  causes  it  to  act  in  a  different  vessel,  and 
transmits  the  action  thereof  to  the  piston  by  oil  or  fluid  metal : 
thus,  at  the  side  of  the  cylinder,  he  places  a  separate  vessel, 
communicating  with  the  lower  part  of  the  cylinaer  by  a  large 
pipe  or  passage  from  the  bottom  of  each ;  then  steam,  being 
admitted  into  this  vessel,  will  press  upon  the  surface  of  the 
oil  or  fluid  metal  contained  in  it,  and  force  the  same  to  pass 
out  of  that  vessel  into  the  cylinder,  where  it  will  act  beneath 
the  piston  to  press  the  same  upwards,  a  vacuum  being  at  the 
saine  time  made  in  the  upper  part  of  the  cylinder  to  give  ef- 
fect to  the  pressure. 

The  steam  is  then  made  to  press  upon  the  upper  surface 
of  the  piston,  which  is  always  covered  with  a  quantity  of  the 
fluid  i  and  at  the  same  time  a  vacuum  is  made  in  the  separate 
vessel,  so  as  to  relieve  the  surface  thereof  from  all  pressure ; 
in  consequence  the  piston  is  made  to  descend.  It  is  evident 
that  the  piston  must  be  packed  so  tight  as  to  suffer  none  of  the 
fluid  to  pass  by  it ;  but  this  is  easy,  in  comparison  with  the 
difiiculty  of  making  a  packing  sufficiently  tight  to  resist  the 
passage  of  steam,  particularly  when  it  is  so  rare  as  the  ex- 
panded steam  which  Mr.  Woolf  sometimes  uses  in  his  engine. 
The  separate  vessel  of  which  we  have  spoken,  is  in  some  cases 
to  be  the  jacket  or  space  which  surrounds  the  cylinder,  which 
is  then  to  be  open  at  bottom. 

This  contrivance  is  ingenious,  but  we  think  the  necessity 
of  an  additional  cylinder  is  an  objection  which  will  prevent 
its  adoption  in  large  engines  ;  and  for  small  engines  the  ad- 
vantages arc  not  so  great. 

Since  his  first  patent,  Mr.  Woolf  has  erected  several  small 
engines,  which  performed  well,  and  with  an  evident  economy 
of  fuel.     But  these  engines  being  employed  to  turn  mills,  of 

•  which  the  operations  do  not  afford  so  exact  an  estimate  of  the 
power  as  the  operation  of  pumping  water,  Mr.  WoolFs  en- 

^.  gines  did  not  come  to  a  direct  and  indisputable  comparison 
vid^  those  on  Mr*  Watt's  principle,  until  1815,  when  two 
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large  engines  were- set  to  work  in  Cornwall,  at  Wheal  Vor 
and  Wheal  Abraham  mines,  for  pumping  water;  and  these 
have  since  been  regularly  reported  in  Messrs.  T.  and  J. 
Lean^s  reports,  and  of  which  one  of  the  objects  was  to  ascer- 
tain the  comparative  merit  of  the  double  and  single  cylinder 
engines. 

The  report  for  M«y,  1815,  ttatei  the  aTera^e  performance  of  these  two  eiw 
ginea  at  49,980,882  Iba.  lifted  one  foot  hig^h  for  each  bushel  of  coals;  and 
since  that  time  they  have  done  more  than  50,000,000  lbs. 

The  engine  at  Wheal  Vor  has  a  great  cyliiider  of  5'3  inches  diameter,  and 
nine-ftiet  stroke;  arid  the  small  cylinder  is  about  one-fifth  of  the  contents  of 
the  great  one.  The  engine  works  six  pumps,  wliich,  at  every  stroke^  raise  ' 
a  load  of  water  of  37,982  lbs.  weight  7i  feet  high,  which  is  the  length  of  the 
stroke  in  the  pumps.  This  makes  a  pressure  of  14,1  lbs.  per  s(}uare  inch  on 
the  surface  of^the  great  piston.  And  it  makes  7,6  strokes  per  mmute.  With 
respect  to  its  consumption  of  coals,  it  raised,  in  March,  1816, 48,432,703  lbs. 
one  foot  high  with  each  bushel;  April,  1816,  44,000,000  lbs.;  lUy,  1816fe 
49,500»000  lbs.;  and  in  June,  1816,  43,000,000  lbs. 

From  the  same  reports  we  learn,  that  the  engine  at  Wheal  Abraham  mine 

laa  a  great  cvlinder  of  45  inches  diameter,  working  with  a  seven-feet  stroke, 

it  the  rate  of  8,4  strokes  per  minute  under  a  load  of  24,050  lbs.  which  it 

^Jliises  seven  feet  at  each  stroke.  Its  performance  during  the  above  four  mondths 

jtes  50,000,000  lbs.;  50,908,000  lbs.;  in  May,  56,917,312  lbs.  which,  we  be- 

.  were  is  the  g^atest  performance  ever  made  by  a  steam-engine;  and  in  June, 

^,500,000  lbs. 

We  must  observe,  that  the  variation  in  the  performance  of 
different  steam-engines,  which  are  constructed  upon  the  same 
principle,  and  working  under  the  same  advantages,  is  the  same 
as  would  be  found  in  the  produce  of  the  labour  of  so  many 
different  horses,  or  other  animals,  when  compared  with  their 
consumptive  food ;  for  the  effects  of  different  steam-engines 
will  vary  as  much  from  small  differences  in  the  proportions 
of  their  parts,  as  the  strength  of  animals  from  the  vigour  of 
their  constitution ;  and,  again,  there  will  be  as  great  differ- 
ences in  the  performance  of  the  same  engine,  when  in  bad  or 
good  order,  from  all  the  parts  being  tight  and  well  oiled,  so 
as  to  move  with  little  friction,  as  there  is  in  the  labour  of  an 
animal,  from  his  being  in  good  or  bad  health,  or  excessively 
fatigued  ;  but  in  all  cases,  there  will  be  a  maximum  which 
cannot  be  exceeded,  and  an  average  which  we  ought  always 
expect  to  attain. 

Fig.  198  is  a  sketch  to  show  the  arrangement  of  the  valves  and  cvlindcrs 
of  these  two  engines;  A  is  the  large  cylinder,  and  B  the  little  cvlinder,   each 
enclosed  in  its  steam-case.     The  steam  is  admitttd  from  tlie  boiler  into  the 
ateam-c:ise  of  the  larjfe  cylinder  A,  by  a  communication  at  Cj  and  there  is  s    - 
communication  between  this  steam-case  and  that   of  the  amall  c/lindeii 
so  that  all  the  steam  for  the  supply  of  the  engine  passea  through  both  oT 
steam-cases,  wliich  therefore  become  part  of  the  comraiuieatiOD  ' 
boiler  and  the  little  cylinder^  into  which  th«  iteamyii  $at 
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fiimiditi  a  commniuctttioii  tbr  canying  back  to  the  boiler  any  water  which 
ma^  be  produced  by  condensation  in  the  steam-case,  before  the  engine  is 
helped  to  the  proper  temperature.  E  is  the  pipe  from  the  steam-case  to 
sQptdy  die  engine  {  it  has  a  regukting  tsItc.  F  is  the  valve-box  of  the 
Mil  cylinder,  the  s|»ndie  of  the  one  valve  working  through  that  of  the 
other  I  and  the  passage  for  the  steam  from  the  case  into  the  small  cylinder  is 
•tuatcd  between  the  two  valves.  G  is  the  valve  that  opens  the  communi- 
cation between  the  bottom  of  the  small  cylinder  B  and  the  top  of  the  large 
Slinder  A,  when  the  piston  thereof  is  to  be  pressed  down.  H  is  the  valve 
Kt  letttms  the  steam  from  above  to  below  the  large  piston,  when  the  piston 
is  to  ascend.    And  I  i»  the  ezhaustioupvalve,  to  carry  off  the  steam  to  the 


When  the  engine  makes  its  down-stroke,  the  upper  valve  at  F  is  opened, 
and  admits  the  steam  from  the  case  to  press  upon  the  small  piston,  the  valve 
G  bein^  opened  at  the  same  time,  which  suffers  the  steam  to  pass  frt)m  the 
oader  side  of  the  small  to  the  upper  side  of  the  large  piston;  and  the  valve  I 
is  opened  to  make  a  passage  frtrni  beneath  the  great  piston  to  the  condenser. 
These  three  upper  valves,  F,  G^  I,  open  at  the  same  instant  of  time. 

When  both  pistons  arrive  at  the  bottom  of  their  respective  cylinders,  these 
three  valves  axe  shut  altogether,  and  the  lower  steam-valve  at  F  is  opened, 
to  fetnra  the  steam  iTrom  above  to  below  the  small  piston,  the  f^ve  H  doing 
the  same  to  the  large  cylinder,  and  both  pistons  return  in  equilibrio  by  the 
conoter-weight;  bet  the  upper  valve  at  F  can  be  shut  off  at  any  part  of  the 
stn^e,  according  to  the  load  of  the  engine. 


Those  who  are  conversant  with  steam-engines  will  per-  - 
ceive,  from  the  passing  of  the  steam,  as  above  described,  from 
die  upper  to  the  lower  side  of  each  oJF  the  pistons  respectively, 
that  the  engines  at  Wheal  Vor,  and  at  Wheal  Abraham,  are 
at  present  working  with  a  single  stroke.  Were  these  engines 
working  double,  the  steam  would,  on  the  down-stroke,  be 
made  to  pass,  the  same  as  before  described,  from  the  under 
side  of  the  small  to  the  upper  side  of  the  large  piston,  steam 
from  the  boiler  in  the  mean  time  coming  in  upon  the  small 
piston,  and  the  under  side  of  the  large  piston  being  open  to 
the  condenser;  but  on  the  up-stroke,  the  action  would  be 
different  from  what  we  have  described,  for  the  steam  would 
pass  from  the  top  of  the  small  cylinder  to  beneath  the  large 
piston,  while  steam  would  be  admitted  from  the  boiler  under 
the  small  piston,  the  top  of  the  large  cylinder  being  open  to 
the  condenser. 

The  boilers  which  Mr.  Woolf  employs  in  his  engines  are 
different  from  those  of  other  engines  which  work  with  steam 
of  a  low  pressure,  the  water  being  contained  in  small  cylin- 
drical tubes  of  cast-iron,  which  are  filled  with  water,  and 
exposed  to  the  flame  nearly  in  an  horizontal  position. 

Mr.  Woolf  has  a  patenjt  for  this  boiler,  which  the  specifica- 
tion states  to  consist  of  two  or  more  cylindrical  vessels, 
properly  connected  together,  and  so  disposed,  as  to  constitute 
a  strong  and  fit  receptacle  for  the  water  intended  to  be  con- 
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,rtf      iif  steam  of  a  temperature  and  under  a   pressure 

y  high,  and  also  to  present  an  extensive  portion 

urface  to  the  current  of  flame  and  heated  air  from 

::  iiKcwise  of  other  large  cylindrical  receptacles  placed 

E    former    cylinders,  and    properly  connected    with 

men         r  the  purpose  of  containing  some   water   and   the 

steam . 

These  cylindrical  vessels  are  set  in  a  furnace  so  adapted  to 
them,  as  lo  cause  the  greater  part  of  the  surface  of  each  of 
them,  or  as  much  of  the  surface  as  may  be  convenient,  to 
receive  the  direct  action  of  the  fire,  or  heated  air  or  flatne. 

Figs.  199  and  300  represent  one  of  these  boilers  in  iti  most  simple  fonii. 

It  consists  of  e)|^t  tubes  marked  a,  made  of  cast-iron,  or  >ny  other  fit 

jneta!,  which  are  each  connected  wilh  (he  lar^r  cylinder  A,  placed  abore 

th«n-  as  is  shown  in  the  side  view,  fip.  200,  in  which  the  same  letters  refer 

•'  lame  parts  as  in  ti^.  199.      In  G(f.  200  is  also  shown  the  ouuiner  in 

fire  it  made  to  act.     The  fuel  rests  on  the  gratc-bu^  at  D,  and 

ind  heated  air,  being  reverberated  from  the  part  above  the  two 

.nailer  cylindets,  go  under  the  third,  over  the  fourth,  under  tlie  fifth, 

the  siith,  under  the  seventh,  and  partly  over  and  partly  under  the 

th  small  cj-lindric  tube,  all  which  tubes  are  (iill  of  waler.    The  direction 

e  flame,  until  it  reaches  the  last-mentioned  tube,  is  ^own  by  the  dotted 

ed  lines  and  arrows.     When  it  has  reached  lliat  end  of  the  fiiniace,  it  i^ 

cd  by  the  flue,  O,  to  the  other  side  of  a  wall,  built  beneath  the  man 

Slindcr  A,  in  the  direction  of  its  lenglh,  and  the  flftme  then  returns  under 
c  oppomte  end  of  the  sevenUi  Bmaller  cylinder  over  the  sixth,  under  the 
flfd),  over  the  fourth,  under  the  third,  over  the  second,  and  partly  over  and 
partly  under  the  fii'sl,  when  it  passes  into  the  chimney.  The  wall  hefijre- 
mentioned,  which  divides  the  furnace  longitudinally,  answtrs  ihc  double 
purpose  of  lengtheninf;  the  course  which  the  flame  ;i^  '  '..- i-.  '  -'r  "titc  lo 
traverse,  giving  offbeat  to  the  boiler  in  the  passaf.  :■  ■  ■■:,- tin- 

flanges.  Op  other  joinings,  employed  to  unite  the  ini  n  'ii.n'i 

cylinder,  from  being  injured  by  the  fire.     The  ends  of  tiie  ^niall  cylindric 
tubes  rest  on  the  brickwork  which  forms  the  sides  of  the  furnace,  and  one  end 
of  each  of  them  is  furnished  with  a  cover,  secured  in  it»  place  by 
flanch,  but  which  can  he  taken  off  at  pleasure,  to  allow  the 
cleared,  from  time  to  time,  from  any  incru 
deposited  in  the m. 

To  any  convenient  part  of  the  main  cylinder  A,  a  tube  is  affixed,  to 
convey  ^e  steam  to  the  steam-engine.  In  working  with  such  boilers,  the 
water  carried  off  by  evaporation  ts  replaced  by  water  forced  in  by  the 
usual  means  for  a  high  pressure  boiler,  that  is,  a  forcing-pump;  and  the 
■team  generated  is  carried  to  Ihe  place  intended  by  means  of  pipes  con- 
nected with  the  upper  part  of  the  cylinder  A.  In  the  specification,  means 
are  pointed  out  for  ajiplying  this  plan  to  the  boilers  of  steam-engines 
already  in  use,  by  ranging  a  row  of  cylinders  beneath  the  present  boiler.  Mid 
connecting  them  with  eacli  other,  and  with  the  boiler.  Directions  are  alto 
given  for  constnicting  boilers  composed  of  cylinders  disposed  verticdiy. 
In  every  case  the  tubes  composing  the  boiler  should  he  so  combined  and 
arranged,  and  the  furnace  so  constructed,  as  to  make  the  fire  and  flame  act 
around  and  over  the  tubes,  so  as  to  embrace  the  largest  possible  quanti^ 
of  their  suT&ce.    It  must  be  obvious  to  any  one,  that  the  tube*  mty  be 
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Wftd§  «f  any  kind  of  metali  but  caft>iron  is  the  most  convenient.  The  use 
cf  the  tubes  may  be  Taried;  but  in  evety  case,  care  should  be  taken  not  to 
make  the  diameter  too  great;  for  it  must  be  remembered,  that  the  Urger  the 
^Bameter  of  any  single  tube  is  in  such  a  boiler,  the  stronger  it  must  be  made 
fai  proportion,  to  enable  it  to  bear  the  same  expansive  force  of  steam  as  the 
snaller  cylinders.  It  is  not  essential,  however,  to  the  invention,  that  the  tubes 
should  be  of  different  sizes;  but  the  upper  cylinden^  especially  the  one  which 
js  calkd  the  steam  cylinder,  should  be  larger  than  the  lower  ones,  it  being 
the  xeservw,  as  it  were,  into  which  the  lower  ones  send  the  steun,  to  be 
thence  conveyed  awav  by  the  steam-pipe.  The  following  general  diiections 
are  given  respecting  the  quantity  of  water  to  be  kept  in  a  boiler  of  this  con- 
fltwction;  viz.  it  ou^t  alwa^rs  to  fill,  not  only  the  whole  of  the  lower  tubes, 
tat  also  the  great  steam  cybnder  A,  to  about  half  its  diameter,  thzt  is,  as  high 
af  the  fire  is  allowed  to  reach;  and  in  no  case  should  it  be  allowed  to  get  so 
lov,  as  not  to  keep  the  vertical  necks,  or  branches,  which  join  the  smaller 
cyfinders  to  the  great  cylinder,  fiill  of  water,  for  the  fire  is  only  beneficially 
employed  when  ap|>lied,  through  the  medium  of  the  interposed  metal,  to 
water,  to  convert  it  into  steam;  that  is,  the  purpose  of  the  boiler  would  in 
sooie  measure  be  defeated  if  any  of  the  parts  of  the  tubes  which  are  exposed 
to  tiie  direct  action  of  the  fire,  should  present  a  surface  of  steam  in  their  in- 
tmar,  instead  of  water,  to  receive  the  transmitted  heat.  This  must,  more  or 
less^  be  the  case,  whenever  the  lower  tubes,  and  even  a  part  of  the  upper,  are 
not  kept  filled  with  the  water. 

Respecting  the  furnace  for  this  kind  of  boiler,  it  should 
always  be  so  built  as  to  give  a  long  and  waving  course  to  the 
flame  and  heated  air,  forcing  them  the  more  effectually  to 
atrike  against  the  sides  of  the  tubes  which  compose  the  boiler, 
and  so  to  give  out  the  greatest  possible  portion  of  their  heat 
before  they  reach  the  chimney.  Unless  this  be  attended  to, 
there  wiU  be  a  much  greater  waste  of  fuel  than  necessary,  and 
the  heat  communicated  to  the  contents  of  the  boiler  will  be 
less  from  a  given  quantity  of  fuel. 

IVhen  ver}'  high  temperatures  are  not  to  be  employed,  the 
kind  of  boiler  just  described  is  found  to  answer  very  well ; 
but  where  the  utmost  force  of  the  fire  is  desirable  for  pro- 
ducing the  most  elastic  steam,  the  parts  are  combined  in  a 
manner  somewhat  different,  though  the  principle  is  the  same. 
In  the  Phihsotfhicai  Magazine^  vol.  xvii.  p.  40,  is  a  descrip- 
tion and  drawing  of  a  boiler  of  this  kind,  two  of  which  were 
erected,  in  1803,  at  Messrs.  Meux^s  brewery. 

In  every  case  Mr.  Woolf  uses  two  safety-valves,  at  least, 
in  his  apparatus,  to  prevent  accidents ;  a  precaution  which 
cannot  be  too  strongly  enforced,  as  it  may  happen,  when  but 
one  is  employed,  that  by  some  accident  it  may  get  locked, 
and  the  engine  and  people  about  it  be  exposed  to  the  danger 
of  an  explosion. 

In  those  engines  of  Mr.  Woolf 's  which  we  have  seen,  he 
employs  boilers  like  the  one  described,  viz.  with  two  small 
tubes  beneath,  which  are  full  of  water,  and  exposed  to  the 


imediurc    ction  of  the  flame,  communicating  by  perpendicu- 

oi  branches  with  the  Urge  cylinder  above,  which 

.  in  the  lower  part,  and  steam  in  the  upper.     The 

.inerence  from  what  we  have  above  described  is,  thai  the 

:i-  and  upper  tubes  are  placed  in  the  sane  direction,  in- 

d  of  being  at  right  angles  to  each  other ;  and  the  Same 

pruceeds  in  the  direction  of  their  length,  instead  of  crossing 

them  ;  the  lower  or  water  tubes  are  rather  inclined  upwards. 

The  metal  of  these  tubes  is  made  very  thick,  with  a  view  lo 

strength  and  durability. 

The  idea  of  making  boilers  for  raising  strong  steam  by  a 
number  of  small  tubes,  which  can  be  made  stronger  than  one 
large  vessel,  is  not  original  with  Mr.  Woolf,  Mr.  Blakey,  of 
whom  we  have  before  spoken,  having  proposed  it  in  a  small 
tract  which  he  published  in  French,  at  the  Hague,  in  1776. 
But  his  tubes  were  to  be  placed  over  each  other,  in  an  in- 
clined direction,  and  the  water,  being  admitted  at  the  upper 
!nd,  ran  down  within  the  heated  inclined  tubes,  and  becatne 
converted  into  steam. 

JPbolf's  regulating'  steam-valve. — Besides  the  common  safe- 
r-valves, Mr.  Woolf  has  also  introduced  a  valve  of  a  new 
-onstruction  into  the  stcam-pipe  itself,  to  regulate  the  quan- 
tity that  shall  pass  from  the  boiler.  In  fact,  it  is  a  self-acting 
steam-regulator,  and  extremely  ingenious. 

A,  (fig.  301.)  isapartofllie  grtnt  or  sitnm  cj  Under  of  ont-  of  Mr.  Woolf'* 
boilcn:  BD,  the  neck  or  oulkl  for  the  stckni,  surmounted  by  n  steam-bos  C, 
wliicli  ia  joined  to  the  neck  II B,  by  tlie  flunges,  o,  a.  The  top  or  cotct  of 
the  stenm-hox  C,  marked  with  die  letter  D,  is  welt  secured  in  its  pkce,  uul 
has  a  hole  through  it  for  the  rod  of  tlie  valve  to  pass;  and  the  intenor  of  the 
hole  is  formed  to  n  box  to  hold  a  stuffing,  and  make  the  rod  work  up  and 
down  steam-ti^bt,  Uic  stuffing  being  kept  in  its  place  by  mcios  of  a  collar, 
screwed  down  in  the  ueuuI  v*y,  as  shown  in  the  figure.  By  means  of  a  pin 
fi,  and  the  two  verticoJ  pieces  e,  «,  the  sliding-valvr:  rod  is  rosde  fast  to  m, 
which  is  H  close  cover  to  the  hollow  cylinder  ii  it.  The  cover  m  fits  ateam- 
tight  into  the  conical  seat,  at  the  upper  end  of  a  collar  ao,  which  is  made  tut 
to  the  flange  aa,  and  descends  into  the  neck  of  the  boiler,  forming  a  bafrcl, 
in  which  the  cylinder  fits  close.  The  cylinder  nn  is  open  at  bottom,  tukriw 
a  free  communication  with  the  steam  in  the  boiler  A;  and  it  has  three  verticu 
■lits  cut  through  the  sides,  one  of  which,  S,  is  shown  in  the  plate.  The  sum 
of  the  area  of  all  these  slits  or  openings  isequal  to  the  area  of  the  opening  of 
the  seat  or  collar  oo,  in  which  the  cylinder  nn  works. 

When  the  steam  acquires  a  sufficient  degree  of  elastic  force  to  raise  the  vtive, 
(that  is,  the  cylinder  n  n,  with  its  cover  m,  and  the  rod  R,)  together  with  what- 
ever weight  the  rod  may  be  loaded,  then  the  openings  S,  rising  above  the 
steam-tight  collar  or  seat  oo,  allow  the  steam  to  pass  Into  the  iteam-bos  C, 
■ndto  flow  off  to  the  engine  through  the  pipe  N.  But  ttie  quantity  of  steun 
that  passes  is  proportioned  to  the  elastic  force  it  has  acquired,  and  Uie  T^^t 
with  which  the  valve  is  loaded ;  because  the  rise  of  the  opcniug^  S,  abore 
the  collar  0  o,  will  be  in  that  proportion 


.J 


ANB  If  AGUNIST.  805 

This  vultt  iufty  be  loaded  by  applying  weight8-.in  any  of 
die  uraal  medioda ;  but  Mr.  WoolT prefers  the  one  shown  in 
Ac  dirawing,  in  which  the  upper  part  of  the  rod  R  is  joined, 
bymeana  of  a  chain,  to  a  quadrant  of  a  circle  Q,  for  the  pur- 
poMF  of  carrying  a  pendulum  weight  Z,  that  admits  of  being 
mured  nearer  to  or  fiurther  from  the  centre  of  the  quadrant, 
according  as  the  pressure  of  the  valve  is  wished  to  be  increased 

or  ^bminished.  * 

^.■ 

Ae  fvlre  lues,  the  weight  mcn-es  upwards  in  the  arc  nil,  ^vin^  a  con- 
by  incKued  reaiatance  to  the  farther  rising  of  the  valve,  proportioned  to 
ttMrtauontd  distuiee  of  the  weight  from  the  centre  of  Q,  of  which  the  weight 
aUnM  ft  eontiiMud  increase  By  its  rise  in  the  arc,  according  to  the  horizontal 
dtences  messured  on  the  line  Qp,  pressing  through  the  centre  of  the  weighty 
by  pefpendiculars  from  the  horizontal  line. 

Th/OBf  if  Ae  weight  Z  presses  down  the  valve  m  with  a  force  equal  to  20 
poonda  on  the  square  inch  of  the  aperture  in  oo.  in  its  present  position,  when 
It  lises  to  the  position  at  t,  it  will  press  vrith  a  force  equal  to  30  pounds,  and 
at^  with  a  fytce  equal  to  40  pounds  on  the  square  inch;  so  that  the  rod  Z 
may  be  made  to  serve  at  the  same  time  as  an  index  to  the  person  who  attends 
the  ftre^  nothing  more  being  necessary  for  this  purpose  than  to  graduate  the 
aic,  described  by  the  end  of  the  rod  Q  Z,  by  experimental  triab.  In^e  side 
of  thie  steam-box  C  there  is  an  opening,  N,  to  allow  the  steam  to  pass  from  it 
by  a  pipe  to  the  steam-engine. 

It  IS  pkin  that  the  adiustment  of  the  positive  pressure  on  this  valve  can 
be  detenniBtd  by  sliduig  the  weight  Z  of  the  pendulum  to  a  greater  or 
less  diiftance  from  the  centre  of  motion.  Ag^n,  to  adjust  the  rate  of  the  in- 
creasine  forces,  so  as  to  correspond  with  the  increasing  force  of  the  si  cam, 
the  ramus  of  the  quadrant,  Q,  must  be  apportioned  to  the  diameter  of  the 
Talve  and  the  opening  of  the  slits,  S,  so  that  the  ascent  of  the  weiglit,  Z, 
in  its  qoadiant  will  be  correspondent  to  the  varying  pressure.  This  adjust- 
ment most  be  made  as  nearly  as  it  can  be  done  before  the  valve  is  fixed; 
and  to  bring  it  afterwards  to  an  exact  regulation,  the  chain  is  attached  to 
the  rod,  R,  by  a  nut  and  screw;  by  means  of  which,  any  part  of  the  arc 
can  be  used  that  is  found  most  correspondent  with  the  varying  pressure, 
because  the  rate  at  which  the  resistance  of  the  lever  increases  is  more  rapid 
when  the  pendulum  is  near  to  the  perpendicular,  than  when  it  approaches 
the  horizontal  position. 

The  same  enect  may  be  produced,  by  making  the  slits  in  the  side  of  the 
cylinder  narrower  at  the  lower  part  of  the  cyUndcr,  instead  of  being 
pandkl. 

BELL-CRANK  ENGINE. 

Messrs.  Boulton  and  Watt,  soon  after  the  expiration  of 
their  patent  for  effecting  condensation  in  a  separate  vessel, 
introduced  a  form  of  engine,  called  the  bell-crank  engine,  of 
which  we  shall  represent  so  much  as  is  necessary  to  exhibit 
the  alterati<Ni  in  the  mode  of  construction. 

Fir.  202  is  a  side  view  of  the  engine.  A  B  C  is  the  bell-crank,  there  being 
ano&r  exactly  nmilar  part  dh  the  other  side,  moving  upon  a  fixed  centre,  C; 
the  end  AD  is  joined  to  a  cross-piece  which  works  the  piston-rod  in  the  cy- 
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Under.    E  senres  for  the  air-pump,  and  G  for  the  cold-water  puinp,  and  tbe 
hot-water  pump  may  be  woned  upon  the  same  bar.    The  connectiiig  tod 
ftom  B  to  H  is  tuppoted  to  be  attached  to  the  crank  of  the  flv*wheel  at  "R^ 
Enpnea  of  ihia  aescription  are  mosUy  constructed  with  slide  or  D  valveL. 
which  are  worked  bj  the  beam  A  C    This  form  of  enj^ine  does  not  pA. 
sesa  any  particidfr  aimiitajes  otherwise  than  those  ansmg^  from  compjti^ 
nesa,  which  are  iiii|  of  foliciient  wei^^ht  to  counterbalance  the  incrLaiMftfJ 
fViction.    It  was»  in'vome  few  instaneesy  at  the  commencement  of  ftdnif 
navigation^  applied  to  boats,  but  it  was  found  to  answer  not  so  weD  as  1^  . 
double-beam  engine.  .'*'\:.^fi*. 

VIBRATING  ENGINE. 

With  a  view  to  do  away  with  the  beam  of  the  engine 
to  communicate  the  motion  direct  from  the  piston-rod  to 
:'fl]^*wheel  crank,  a  form  of  engine  has  been  constructed,  \' 
in  engines  of  small  dimensions,  where  the  piston-rod  can  lie 
made  of  suflScient  strength  compared  with  the  weight  of  die 
cylinder  that  is  to  vibrate,  have  answered  tolerablv  welL  We 
have  seen  one  of  about  one-horse  power,  which  nad  been  at 
work  four  years. 

Fig.  303.  A  is  the  cylinder,  B  the  piston-rod,  C  the  crank,  D  the  fly-whe4 
E  li  stand  supporting  the  cylinder  pivot  F,  which  has  a  similar  one  on  the  op- 
posite side.  One  m  these  pivots  is  formed  like  the  key  of  a  four-waj  oodt 
hsTii^  a  communication  to  tne  top  and  bottom  of  the  cyunder.  By  the  move- 
ment of  the  piston,  the  cylinder  is  caused  to  vibrate,  to  turn  the  cranfaad 
fly-wheel,  and  the  steam  passes  alternately  to  the  top  and  botton  dt  the  cy- 
linder, by  the  two-way  axes  on  which  the  cylinder  vibrates. 

•  ■ 

When  engines  of  this  construction  are  formed  of  any  con- 
siderable size,  there  is  a  danger  of  bending  the  piston-rod, 
and  in  vibrating,  the  weight  of  the  cylinder  loosens  its  fitting 
in  the  stufRng  collar  of  the  cylinder-cap. 

ROTATORY   ENGINE. 

All  steam-engines  as  yet  noticed,  have  their  action  pro- 
duced by  the  movement  of  a  piston  in  a  cylinder,  and  act  by 
what  is  called  a  reciprocating  motion.  In  engines  of  this  de- 
scription, a  very  considerable  degree  of  power  is  expended 
in  arresting  the  motion  of  the  different  working  parts,  and 
putting  them  into  action  in  a  direct  contrary  course :  this  has 
claimed  much  attention  from  engineers,  and  many  attempts 
have  been  made  to  construct  an  engine  in  which  theactionof 
the  steam  should  operate  in  a  continuous  manner,  without 
bringing  the  parts  to  a  state  of  rest. 

The  most  obvious  mode  of  attaining  this  object,  is  the  producing^  a  ro* 
tatory  motion.  One  of  the  most  simple  engines  on  this  construction  is  re« 
presented  in  fig.  204»  where  two  sections  are  shown,  the  one  at  rij|lKt  Sh- 
gles  to  the  revolving  shaft,  the  other  parallel  to  it,  the  same  letters  in 
both  denotini*'  the  same  parts.    V  U  U  U  is  a  circular  steam-case^  winSt  thi 
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tvo  ends  encleied  by  the  cireulir  plates  V  V  V  V,  through  whicU  the  shad 
R  passes.  To  R  is  attached  by  four  arms,  S  S  S  S,  the  ring  P  P,  in  whidi 
the  &ns  or  fiat  pieces,  A  and  B,  are  fixed  on  hinges  formed  steam-tigl^t,  but 
tapable  of  being  shut  in  upon  the  ring,  as  A,  or  opening  and  closing  the 
steam-coune  O  O  O  O,  ss  B.  To  each  of  these  four  pieces  is  attached  a  tul 
or  tripping  piece,  C  and  D,  which,  during  their  reraution,  touch  the  stud 
E,  and  ruses  their  respective  fims  into  the  steam-way,  as  shown  by  the  dotted 
fiui  at  A^,  just  afler  it  has  passed  the  steam  aperture,  I.  The  passage  to  the 
condenser  is  represented  at  N;  G  is  a  camb-piece  attached  to  the  outer  case, 
ind  fitting  in  a  steam-tight  manner  upon  P  P  P  P,  serving  to  close  the  fims  as 
ih€j  come  round.  The  steam  entering  at  I  presses  upon  G  and  A^,  which  is 
SBposed  to  have  been  just  raised  to  that  position,  and  forces  it  round,  to- 
gmer  with  the  ring  P  P  P  P,  and  the  centre  shaft  R,  until  it  passes  the  aper- 
ture through  which  the  steam  issues  to  the  condenser,  prior  to  which  the 
other  fan,  B,  passes  the  steam-way,  and  obtains  a  position  to  receive  the  ac- 
tion of  the  steam,  and  continue  the  motion. 

The  steam-way,  O  O  O  O,  may  be  considered  to  be  a  cylinder  tannt  round, 
snd  the  fans,  as  they  obtrude  themselves,  act  the  part  of  a  piston,  receiving 
the  impube  of  the  steam  always  on  the  one  side,  and  effecting  the  con< 
densation  always  on  the  other.  It  being  requisite  that  the  steam-way 
diould  have  some  termination,  the  obstacle,  G,  is  indispensable,  and  the 
movement  of  the  fans  upon  hinfres,  or  some  other  mode,  to  pass  such 
obstacle,  is  unavoidable;  and  therefore,  fW>m  being  thus  compelled  to  move 
the  piece  acting  as  a  piston  continually  to  and  from  its  fittings,  it  becomes 
ejrtremely  difficult  to  maintain  those  fittings  steam-tight  This,  together 
with  the  steam-way  not  being  capable  of  receiving  uie  cylindrical  form, 
are  inconveniences  of  great  moment.  It  has  been  found,  therefore,  that  in 
aaintaining  engines  of  this  construction  in  a  working  condition,  great 
dUleahiet  arise,  which  hitherto  have  not  been  surmounted;  and  as  at  pre- 
sent these  engines  exist  to  no  useful  end,  we  shall  refrain  from  describing 
them  further. 

HIGH-PRESSURE  ENGINES. 

If  water  be  urged  greatly  by  fire,  steam  of  greater  pres- 
sure is  obtained ;  and  it  has  been  long  known,  that  the  extent 
of  the  pressure  increases  in  a  greater  ratio  than  the  expendi- 
ture of  heat,  which  has  been  an  inducement  to  many  to  attempt 
to  use  steam  at  excessive  pressures.  The  pressures  generally 
allowed  in  high-pressure  engines,  is  not  more  than  30,  40, 
and  seldom  exceeds  50  pounds  to  the  inch. 

In  engines  where  the  pressure  is  so  great,  the  weight  of  the 
atmosphere  is  not  taken  into  account,  and  the  mode  of  effect- 
ing the  motion  of  the  piston  is,  by  allowing  one  end  of  the 
cylinder  to  be  open  to  the  air,  whilst  the  steam  acts  on  the 
opposite  side  of  the  piston.  By  this  mode  of  operation,  all  the 
parts  appertaining  to  the  promotion  of  condensation,  are  dis- 
pensed with,  and,  consecpiently,  the  expense  of  making  those 
parts,  the  friction  caused  by  their  operauons,  and  the  atten- 
tion which  was  necessary  to  their  well-being,  is  entirely  saved. 
This  gives  to  the  engine  a  peculiar  degree  of  simplicity,  but 
it  is  unfortunately  attended  with  some  danger. 
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Steam  was  applied  in  this  mode  so  early  aa  the  year  17X4, 
and  is  described  by  Leopold,  in  his  Theatrum  Machrnarum 
Jlydratilkarum,  vol.  ii.  p.  93.  The  engine  thus  described, 
is  formed  with  two  cylinders,  having  pistons  fitted  and 
attached  to  two  separate  beams,  whose  other  ends  arc  con- 
necied  with  two  force-pumps.  Between  the  two  cylinders  is 
a  four-way  cock,  and  as  the  pistons  are  weighed  and  brought 
down  lo  the  bottom  of  each  cylinder,  it  is  evident  that  by 
means  of  this  cock,  the  steam  can  be  let  on  alternately  to  the 
bottom  of  each  cylinder,  whilst,  at  ihc  same  time,  the  oppo- 
site cylinder  to  that  in  which  the  steam  is  admitted  has  a 
communication  with  the  atmosphere.  Thus,  by  turning  the 
cocks,  the  two  pistons  arc  alternately  raised  by  the  steam, 
and  periftitied  to  descend  by  the  loading  of  weights  attach- 
ed to  their  other  end.  This  simple  construction  of  high  pres- 
sure may  be  placed  on  a  par  with  Newcomen's  condensing 
engine. 

Mr.  Watt  presents  to  our  notice  this  mode  of  using  the 
direct  action  of  steam,  In  the  latter  part  of  his  specification, 
in  1769;  but  the  most  common  application  of  high-pressure 
steam,  of  late  years,  is  used  in  a  form  of  engine  invented 
by  Mr.  Trevitheck,  for  the  purpose  of  applying  this  power 
to  locomotion.  He  obtained  a  patent  for  it,  in  union  with 
Mr.  Vivian,  in  the  year  1802.  This  engine,  from  its  com- 
pactness, is  peculiarly  applicable  to  this  purpose,  as  it  requires 
no  condensing  water,  which  would  be  an  insurmountable  bar 
to  its  introduction. 

Fig.  305  presents  a  section  of  this  fonn  of  engine.  AB  is  the  boiler, 
\i  a  safety-vnlre,  C  D  the  rylinder,  E  the  four-way  cock,  G  the  paisige 
from  the  boiler,  II  the  passag'e  to  the  chimney,  G'  for  the  exit  of  the  atcssi. 
E  is  a  four-way  cock,  F  the  pu.sa^e  to  the  top,  anif  K  the  pusage  to  the  bol- 
toin  of  the  cjlinder.  H  the  piston,  N  the  ptBton-roil,  O  liie  connecting  rad, 
joined  to  the  cranks  of  the  fly-wheel.  The  beam  R  is  worked  by  the  con- 
necting rod,  which  has  the  rod  of  a  amall  force-pump  8  Mtachcd  to  it,  acting 
on  the  other  side  of  the  boiler,  and  tbrciiig  w«er  along  Q  U  into  the  boUer 
by  I.  The  lire-plDce  is  behind  the  chimney,  as  seen  in  the  view,  and  is 
surrounded  on  all  sides  by  the  boiler.  Fig.  306  is  a  section  of  the  cjlindei' 
at  right  angles  to  the  section  at  lig-  205.  The  four-way  cock  is  moved  by 
means  of  a  lever  on  its  axis,  which  is  struck  by  a  tapit  upon  a  rod  fhun  fte 
cross-piece  C.  It  must  be  understood  that  Uiere  is  another  connectjag 
rod  and  crank  on  the  farther  side  of  the  engine,  and  that  the  beam  C»  ean< 

This  engine,  we  conceive,  require*  litde  elucidation.  The 
four-way  cock  permits  the  steam  to  pass  alternately  to  the  top 
and  bottom  of  the  cylinder  by  the  passages  F  and  K,  lod 
affords  it  egress  by  G':  and  the  cold  water  coming  to  toj^y 
the  boiler,  surrounding  it  on  all  sides,  imbibes  its  heat,  bf 
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which  means  the  boiler  is  fed  with  water  of  a  much  higher  tem- 
perature, and  the  steam  is  condensed  in  H,  by  which  a  more 
rapid  exit  is  obtained  for  it. 

This  kind  of  engine  was  expressly  intended  for  working 
carriages.  A  locomotive  engine  was  made  by  Mr.  Trevi- 
theck,  in  South  Wales,  in  1804,  and  was  tried  upon  the  rail- 
roads at  Merthyr  Tydvall.  It  drew  after  it  as  many  carriages 
as  carried  ten  tons  of  bar  iron  for  a  distance  of  nine  miles, 
without  any  further  supply  of  water  than  that  contained  io 
the  boiler  at  setting  out,  travelling  at  the  rate  of  five  miles 
per  hour.  Since  that  period  they  have  been  tried  in  many 
places  upon  rail-roads,  but  their  introduction  had  not  become 
general  until  1811,  when  Mr.  Blenkinsop,  proprietor  of  the 
Middleton  CoaUworks,  which  supply  the  town  of  Leeds, 
adopted  them  for  conveying  the  coals  on  his  rail-road.  Mr. 
Blenkinsop,  when  he  adopted  the  locomotive  engine,  took  up 
the  common  rails  on  one  side  of  thewhole  length  of  the  road, 
and  replaced  them  with  rails  which  had  cogs  on  their  upper 
surface.  These  cogs  are  cast  at  the  same  time  with  the  rails, 
and  are  hollow  beneath,  to  be  as  light  as  is  consistent  with 
strength  and  durability.  The  pitch  of  the  cogs  is  six  inches, 
■o  that  each  rail  of  three  feet  in  length  has  only  six  cogs.  A 
wheel  which  is  fixed  on  an  axis  which  would  be  that  of  the 
fly-wheel  at  one  side  of  the  carriage,  works  in  the  teeth  of 
these  rails ;  the  whole  machine  is  thus  caused  to  advance  along 
the  railway.  Many  fruitless  attempts  have  been  made  to  pro- 
duce an  engine  capable  of  moving  carriages  upon  common 
roads ;  but  before  this  can  be  effected,  the  numerous  parts  of 
the  engine  must  be  made  more  compact,  and  its  weight  con- 
siderably reduced. 

Observations  on  the  work^  &fc.  &fc\  of  stcam*etigines  in  Corn- 
tuail^from  August,  1811,  to  May,  l^l^,  inclusive,  by  Messrs. 
Lean, 

Messrs.  Thomas  and  John  Lean  were  appointed  to  the 
general  superintendence ;  and  the  different  proprietors, 
as  also  the  regular  engineers  of  the  respective  mines, 
engaged  to  give  them  every  facility  and  assistance  in  their 
power.  Their  first  Monthly  Report  was  for  August,  1811, 
and  included  eight  engines,  which  had  in  that  month  consum- 
ed 23,661  hushels  of  coals,  and  lifted  126,126,000  pounds  of 
water  one  foot  high,  with  one  bushel  of  ct>als  for  each  engine, 
being  an  average  duty  of  15,760,000  pounds  lifted  one  foot 
high  with  each  bushel  of  coals.  In  the  months  of  September 
and  October  the  engines  reported  were  nine,  and  in  November 
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icember  twelve;  and  it  now  evidently  appeared  that 

Hilar  publication  of  Mesara.  Leans'  very  useful   tables 

:ady  been  attended  hy  some  improvements  in  the  con- 

of  the   engines ;  for  the  average  duty  for  December, 

,  extracted  from  these  tables,  appears  to  have  been   17,- 

OOO  pounds. 

in  January,  1812,  the  number  of  engines  reported  was  foup* 

,  and  by  the  end  of  that  jear  they  were  increased  to  nine- 

;  and  tht  average  duty  performed  by  all  the  engines  to 

last  mentioned  month  had  advanci-d  to  18,200,000  pounds. 

n   ltJI3,  the  number  uf  engines  included  in  the  Monthly 

aorts  continued  to  increase,  till  in  December  they  were  29, 

a..«  the  average  work  20,162,000. 

During  some  of  the  months  of  1814,  the  engines  reported 
were  32,  and  the  average  duly  performed  during  December 
was  19,784,000  pounds  lifted  one  foot  high  with  each  bushel 
of  coaU. 

The  table  which  is  subjoined  is  an  abstract  from  Messrs. 
Leans'  Repotts,  and  has  been  formed  by  first  counting  how. 
many  engines  are  reported,  as  in  January,  1815,  32  engines; 
then  adding  up  the  column  containing  the  quantity  of  coals 
consumed  by  all  the  engines  during  the  month,  and  putting 
down  the  amount,  110,824;  in  like  manner  adding  up  the 
column  of  pounds  lifted  by  each  engine  one  foot  high  by  one 
bushel  of  coals,  the  amount  of  which  was  637,320,990  ;  and 
lastly,  dividing  the  latter  quantity  by  32,  the  number  of 
engines  at  work,  to  obtain  the  average  duty  performed,  viz. 
19,916,250  pounds 
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1811.  AitKUst 
October 

December 

8 
D 
9 

13 
12 

23.661     1          8 
25.237               S 
24.487    I          9 
30.998    ]        U. 
39.545    1        If- 

126,126.000 
125. 164,000 
13!,91'),000 
189,340.000 
2O4,907-,0O0 

1W60.0W 
13,900.(»( 
13,S40,00( 
15,77Q.«(( 
17,075,00(8 

J81Z. January 
February 
M»rch 
April 

U 

16 
16 

50,089    ■         14 
54,343    1         15 
39.140             16 
62.384    1        16 

237,fi61,4(J9 
260,514,000 

276,233, 

lfi,972,0(« 
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1'able  continued. 


B-iiiH-hor 

Rinlit'li  gf 

lifuj  ^'ibui^  pwl^lai.ii  ■ 

EnpiBniT- 

lunird  b)  (II 

"iJbX" 

hiKh  by  the    |Uiufartl.i?h* 

puru^ 

til" 

rrei.i-i. 

hSS.S. 

1812.  M>J 

16 

SI, 903 

16 

273,546,00017.096,000 

June 

17 

J0,410 

17 

288.076,000:16,940,000 

July 

17 

51,574 

ir 

300,44 1.000ll7,677,000 

August 

17 

44,256 

17 

J14,753,000jl  8, 510,000 

Septvmbcr 

18 

46,536 

18 

M8,.'!96, 000 19,335,000 

October 

]H 

53,94] 

18 

321,900,000, 17,88y,000 

November 

31 

37,176 

21 

381, 460,000]  18. 160. 000 

December 

19 

55,784 

19 

341,803,000 

18,200,000^ 

iai3.  January 

19 

fiO,400 

19 

363,906,000 

19,153,000 

February 

22 

58,044 

22 

4;58,737,0O0 

19,940,000 

March 

23 

73,862 

23 

440,642,000 

19,157,000 

April 

23 

61,739 

23 

431,032.000 

18.700,000 

May 

24 

5S,8t)0 

24 

463,346,000 

19,300,000 

June 

24. 

53,110 

24 

470,157,000 

19,590,000 

J«ly 

23 

56,709 

23 

443.462,000 

19,281,000 

August 

21 

50,110 

21 

416,898.000 

19,852,000 

September 

22 

58,008 

22 

427.148,000 

19,415,000 

October 

26 

74.796 

26 

488,671.000 

18,793,000 

38 

77,135 

38 

537,958,000 

19.212.000 

December 

29 

86,273 

29 

584,721,000 

JO,  162,000 

1814.  January 

28 

91,733 

28 

550,751,000 

14,670,000 

rcbniarv 

26 

78,986 

26 

536,677,000 

20,641,000 

March   ' 

38 

109,904 

28 

365,406,000 

20,193.000 

April 

29 

91,607 

39 

376,617,0001 

20,325,000 

May 

28 

79,437 

28 

569,319,000 

20,303,000 

JU..C 

30 

75,343 

30 

626,669,000 

30.888,000 

July 

27 

H5.224 

27 

573,308,000 

21,229,000 

AugJIBt 

2G 

70,443 

26 

545,019,000 

20,960,000 

September^ 

27 

78,167 

27 

560,608,000 

2O,76.i,000 

October 

32 

75.080 

32 

630,704,000 

19,709,000 

Sovcmber 

32 

82,000 

32 

fi.37,323,000 

19.916,000 

December 

29 

84,669 

29 

573,744,006 

19.784,  ?76 

1815.  Januan- 

32 

110,824 

32 

6  57,320,990 

19.916,250 

Februarv 

33 

101,667 

.33 

710,271,25a 

21,333,370 

March 

34 

117,342 

34 

706,071.990 

30,766,830 

April 

3S 

105,701 

35 

fi95,2l2,34U!9,«6.!,2iq 

iUy 

U 

107,530 

34 

609.-;99,HII 

JU,  4  79,350 

From  the  foregoing  table  it  appears  that  the  average  duty 
of  the  engines  reported,  exclusive  of  Woolf's  patent  engine, 
is  at  this  time  about  30  millions. 

We  have  purposely  omitted  Woolf 's  patent  engine,  because 
one  of  the  ends  intended  to  be  gained  by  the  Monthly  Report 
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ually  Jone  by  the  engines  employed  in  llic  minus, 
in  |iumping,  was  to  know  the  comparative  fficrH 
engine  with  two  cylinders  when  contrasted  with 
[igioes  in  common  use.     One  of  Mr.  Woolf 's  eo- 
en  lately  erected  at  Wheal  Vor  mine,  of  53  inche* 
the  great  cylinder,  (the  smaller  cylinder   being 
iftK  of  the  contents  of  the  great  one,)  and  nine  fecf 
According  to  Messrs.  Leans'  Keport  for  May,  the 
■•"med  by  the  engine   alluded   to,   was  49,980,882 
d  one  foot  with  every  buahel  of  coals  consumed  i 
-iicrwe  are  informed,  (for  the  printed  Report  has 
«achcd  us,)  thai  the  duly  performed  by  Woolf's  cn- 
e  month  of  June  was  50,333,000. 
,  appears  that  the  average  duty  of  the  patent  engine 
lor  uic  months  of  May  and  June  was  fifty  millions,  while  the 
aggregate  average  duty  of  the  other  engines  is  oaly  twetity 
mitlions.    From  this  it  is  evident  that  Mr.  Woolf's  improve- 
ments on  the  steam-engine  will  be  productive  of  much  bencGt 
to  the  mining  interests  of  the  kingdom.  On  some  of  the  large 
mines,  when  this  engine  shall  have  come  into  general  use, 
which  it  must  do  sooner  or  later,  the  saving  in  fuel  only  will 
add  to  the  yearly  dividends  among  the  proprietors  several 
thousand  pounds  sterling.     Nor  is  this  all;  the  expense  that 
will  thus  be  saved  will  prevent  numbers  of  mines  fronj  stop- 
ping work;  and  will  be  the  means  of  setting  many  again  to 
work  which  have  ceased  on  account  of  the  expense  necessary 
to  keep  them  free  from  water. 

By  Messrs.  Leans'  Iteport  for  Janiinrv,  (1816,)  the  .iierag:e  work  of  33  en. 
gines  wal  20,694,630  pounds  of  wUcr  iiftcil  one  foot  liig'h  lor  each  )>ubIic1  of 
coaJs  consumed.    Woolf's  engine  at  When)  Vor  during  tlic  Ktmc  month  lifted 
47,900,333  pounds,  and  his  engine  at  Wheal  Abraham  47,622,040  pounds  on*     , 
foot  high  with  each  bushel  of  coals. 

By  the  Report  for  Februajj,  the  avcnigi'  work  of  jieni^incs  was  30,66r,.'>98 
pounds  lifted  one  foot  wilhttch  bushel  of  co,iU.  Woolf's  engine  at  Wheal 
Voi  lifted  43,493,303i  and  the  one  at  Wheal  Abraham  45,896;382  pounds  one 
foot  high  with  each  bushel.  i 

Having  examined  into  the  construction  of  the  several  kinds 
of  engines  in  general  use,  we  shall  forbear  to  mention  the 
steps  of  evei^  speculatist  who  has  attempted  improvemcnU 
in  this  machme,  and  which  have  for  years  filled  our  pe- 
riodical publications  with  plans,  possessing  more  or  less  in*  ^ 
genuity.  .f 

Calculations  with  respect  to  the  power  of  steam  are  of  grett    j 
importance;   but  practical  people  are  well  aware  that  tlH~ 
cannot  be  attended  with  accuracy.     We  have  already  sh' 
that  the  amount  of  actual  force  expended  in  steam-pre' 
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iskn  bt  ascertanoied  with  great  accuraejr,  by  gauges  and  aafetir* 
^Msj  but  the  reatdtiDg  disposable  power  is  not  so  tiaUf 
discovered,  as  the  fricuon  of  the  various  parts  vary  gtfeadf 
according  to  the-Atate  which  they  are  in.  The  state,  p!  ^ 
condensation,  in  condensing  engines,  gives  a  more  br  less 
perfect  vacuum,  which  will  vary  notwithstanding  the  inmost 
"•vigilance.  -  It  has  been  generally  set  down,  among  engineers, 
that  nearly  otie«half  of  the  power  of  steam  must  be  deducted 
from  the  disposable  force ;  therefore,  suppose  an  engine  of 
34  inch  piston,  the  area  of  which  will  be  452  square-  inches, 
has  a  perfect  vacuum,  as  exhibited  by  the  barometer  of  the 
condenser,  and  the  weight  of  the  atmosphere,  denoted  by  the 
weather4iarometer>  be  about  fourteen  pounds,  and  the  steam* 
^oge  on  the  boiler  stands  at  about  two  inches,  which  is  an 
indication  of  two  pounds  pressure,  we  may  estimate  that  there 
is  17  lbs*  per  square  inch  pressing  upon  the  pistdn ;  therefiire 
17  X  458  »  7684  lbs.  on  the  .  piston,  half  of  Which  being 
deducted  for  allowance  of  friction,  leaves  a  disposable  force 
of  8a4Slbs.  moving  through  the  distance  at  the  same  rate  in 
which  thepiston  moves ;  which  force  being  divided  by  Messrs* 
Boltoti  and  Watt's  estimate  of  a  horse-power,  will  give  die 
nominal  power  df  such  engine.  In  high-pressore  engines, 
where  the  steam  is  not  condensed,  what  is  indicated  fay  Ae 
ateam-gauge  of  the  boiler  only,  must  be  estimated  as  the 
power  acting  upon  the  piston. 

That  the  increments  of  power  take  place  in  a  quicker  ratio 
than  those  of  the  temperature,  has  been  long  known;  and 
an  ingenious  mechanic  of  the  present  day  has  attempted  to 
use  steam  at  very  high  pressures.  Without  entering  into  a 
description  of  the  obstacles  he  met  with,  we  will  briefly  oh* 
serve,  that  the  requisite  strength  of  the  parts  to  withstand 
the  pressure,  conjoined  to  the  excessive  heat,  present  ob- 
stacles not  easily  to  be  overcome* 

The  reciprocating  motion  in  steam-engines  is  a  loss  of 
power  which  cannot  be  denied.  For  the  momentum  of  the 
beam  and  other  parts  passing  in  one  direction  have  suddenly 
to  be  arrested  and  moved  in  the  opposite  direction,  which 
produces  a  loss  of  power.  Rotatory  action  has  be0n  sought, 
therefore,  wiUi  propriety,  but  has  not  yet  been  obtained  with 
advantage. 

Messrs.  Boulton  and  Watt,  in  the  introduction  of  the 
steam-engine  into  many  works  where  the  power  of  horses 
was  used,  were  obliged  to  take  into  consideration  the  number 
of  horses  used  for  any  particular  purpose,  in  order  to  ^cer-> 
lain  the  amount  of  force  wanted.    Upon  the  conclusidn  of  a 
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wuntfouft  set  of  *  exj)eriinent8  thejr  decided,  that  a  horse, 
WoritlbSiCight  hours  a  day,  wiis  capable  of  raising  SdJpOOlbs. 
OM  fipiiot  fcighyin  a  minute.     Therefore,  by  dividing  the  num*     '^ 
btfr  of  pounds  in  engine  can  lift  one  foot  nigh  in  a  minute,  it 
willgife  the  amount  of  horses'  power  to  which  that  engine  is 

*  Att  estire  new  of  an  engine  of  the  eonttniction  ttrmed  portable,  is  repre- 

seated  at  ^g.  307.  A  is  the  cylinder,  B  the  air-pump,  C  the  cold-water 
pvii»»  D  tM  hot-water  pump,  E  ihm  beam,  F  the  coimectiBg  rod,  G  the 
Ij-WBeel*  H  the  eccentric  ihaft,  sad  I  the  governor. 

It  would  occupy  many  volumes  to  describe  the  TMrious  forma 
*  of  construction  of  engines  which  have,  since  the  knowledge  of     « 

r ,   *  the  power  of  steam,  been  contrived ;  and  the  information  such 

descriptions  would  convey  would  be,  comparatively  speaking,    ^ 
of  very  little  value,  as  the  majority  of  them  have  arisen  from 
men  isnorant  of  the  principles  of  the  action  of  4^  oMcbiae,- — • 
.  and  whose  productions  should  be  classed  as  futile  alterations. 
In  attempting  any  improvements,  the  principles  c^  action 
f  should  first  be   taken   into   consideration.    In   condensing 

L  engines  the  movement  is  effected  by  the  alternate  increase 

%,  and  decrease  of  temperature,  the  perfection  oS  both  of  which 

(p'  IS  of  jp;reBl^miportiiice.  ^  The  primary  point  to  be  aimed  at, 

f^\  dieretore,  is  the  maintainin||;  of  high  temperature  whilst  the 

ateam  is  fiircing,  and  reducing  it  suddenly  when  the  conden- 
t  aation  is  to  be  effected.    This  was  taken  into  consideration 

in  the  construction  of  Newcomen^s  engine,  and  was  most 
effectually  attained  by  Mr.  Watt. 

The  odier  parts  of  the  engine  may  be  examined  with  a  view 
of  improvement,  by  considering  their  weight  and   friction, 
-«  and  by  the  substituting  of  a  rotatory  instead  of  a  reciprocating 

motion. 

Simplicity  of  construction  cannot  be  too  strongly  recom- 
mended in  all  mechanical  combinations  ;  for  there  are  many 
contrivances  which  would  certainly  be  deserving  of  the  name 
of  improvements,  were  they  not  inapplicable  on  account  of 
their  intricacy. 

^  Attempts  have  frequently  been  made  to  avoid  the  use  of  the 
air-pump^  which  takes  up  a  considerable  portion  of  the  power  of 
an  engine.  A  water  barometer,  adapted  to  the  condenser,  has 
been  sometimes  adopted ;  and  a  fall  of  water  has  been  made 
to  pass  over  the  upper  edges  and  down  the  orifice  of  a  tube, 
forcing  the  air  betore  it.  The  upper  end  of  this  tube  com- 
municates with  the  eduction  pipe,  and  is  said  to  support  a 
vacuum  of  considerable  rarity.  Exposing  the  steam  which  is 
to  be  condensed  to  an  increased  surface  by  passing  it  along 
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tubes  surrounded  by  water,  or  amongst  tubes  containing 
water,  has  likewise  been  frequently  adopted.  Indeed  the  ex- 
posure of  considerable  surface  to  receive  heat  in  the  genera- 
tion of  steam,  and  the  same  to  ^stract  it  in  condensation, 
have  been  subjected  to  frequent  trial.  That  an  advantage  is 
to  be  procured  by  the  adoptjtOn  of  such  plans  is  undoubted ; 
but  to  attain  such  increasedT  surface  an  intricacy  in  the  parts, 
we  fear,  must  be  adopted,  which  will  more  than  counterba- 
lance the  advantages  gained. 

The  valves,  or  those  parts  of  an  engine  which  direct  the 
distribution  of  the  steam,  have  always  had  the  attention  of 
engineers,  and,  as  Ae  have  shown,  many  elegant  combina- 
tions have  resuhyf  from  their  ingenuity. 

In  running  a  alleam-engine,  attention  should  be  given  to  the 
working  parts.  /The  cylinder  should  he  packed  with  clean 
hemp  and  the  best  tallow,  and  frequently  examined  to  sec 
that  the  packing  is  in  order.  The  steps  of  the  fly-wheel, 
shaft,  and  of  the  crank,  beam,  &c.  should  be  frequently  ex- 
amined, and  kept  well  oiled  with  sperm  oil,  which  is  the  best 
for  all  machinery.  These  parts  must  be  kept  from  dust,  and  if 
dry  grindstones  are  driven  in  the  mill,  the  dust  must  be  care- 
fully boxed  off  from  the  engine.  The  use  of  sand  on  the  floor 
of  an  engine-house  should,  for  the  same  reason,  be  dispensed 
with. 

The  method  of  starting  an  engine  is,  first  to  shut  the  con- 
densing cock,  then  to  open  all  the  valves  to  let  th«  steam 
pass  into  the  jacket,  into  the  cylinder,  through  the  eduction 
pipe  into  the  condenser,  and  out  at  the  blow-valve,  in  order  to 
expel  the  air  from  all  the  parts,  and  get  them  to  a  proper 
temperature,  which  will  be  shown  by  the  steam  issuing  from 
the  blow-valve ;  for  previously  to  the  parts  being  sufliciendy 
warmed,  the  steam  in  its  progress  becomes  condensed. 

When  all  the  parts  are  heated,  the  injection  water  may  be 
let  on,  and  a  vacuum  procured  on  one  side  of  the  piston, 
which  produces  instant  action. 

The  lever  of  the  throttle-valve,  which  is  ultimately  to  be 
attached  to  the  governor,  should,  on  starting  the  engine,  be 
held  by  the  hand  of  the  attendant  until  the  work  is  thrown  on^ 
and  the  engine  has  acquired  regular  motion. 
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Havoig  cofludcJ  (Bar  aooMBCof  Ac 
[ifocgcd  10  gnm  m  doKripdoM  of  the 
rlucii  liM  reccBtlf  chiflMd  fliiich 
ictonif  il  part  of  iocic^> .  It  is  icinnescalcd  ia  % 

AAA 

u 

•ift 

.   ^^...^     DOMWoiMSMi ftvM tbc  vcseb  F 
C». 
A  A,  bf  ifKb  vlrf^ 
'theilidetfi;tD 

AA.  Tlie  pns j»A  attedMd'lo OK oTtfie 
fbe  MHn  «p  the  andl  vtarinir  <iibe  ]l»  wIikIi  Iqr  the 
tMfcedtPthecmdEf  UitheclMaberiva]tefBatdjopeiiiaiid<  ~ 
ft>  8%  rnamhrififiM  wVk  tiie  Tcveb  F  aid  F>. 

P  D  ii  s  pipi  Ififcg  fa»  the  gMOBictcr,  bnuieMny  off  at  BP  V  i«l»«e 
laociwribiirCMdCStethepaiipOMoriapiilyinrthecMlhelii  to  he 
•HMHBed  hi  efTedkiy  the  irmcaiie.  This  iopp^  can  be  m^miitma  q^  ■h^eC 
hf  MCiM  of  the  eoeke  D*  D*f  vhich  open  and  dcMe  bjr  cnolab  vorlccd  hf  Ae 
moirenicnt  or  the  beam. 

G  G  two  other  hranch-pipea,  supplied  with  g^s  from  the  i^asometer,  and 
ending  in  a  jet  at  each  end.  By  the  danting  direction  of  the  end%  it  is  evident, 
that  the  flames  from  tiiesc  jets  will,  when  their  respective  orilices  Ai  be  open, 
protrude  into  the  chambers  C  and  CK 

K  and  K*  arc  two  pipes,  affording  a  communication  from  the  outer  air  to 
the  interior  of  each  of  the  chambers  C  and  C^  their  outer  ends  are  capable 
of  being  closed  by  means  of  tlie  cranks  n  n,  which  are  attached  by  chains  to 
the  Amu  F>  F'. 

Tlie  mode  of  operation  consists  in  allowing  the  g^  to  pass  from  the 
gasometer  along  one  of  the  branches  of  the  pipe  D  D,  and  thence  uito  one 
of  the  chambers  C  or  CS  (suppose  CS)  where,  by  the  jet  of  ignited  sas 
plaving  in  the  orifice  A,  it  becomes  ignited,  and  by  its  combustion  rarefies 
aiul  expels  a  considerable  portion  of  the  atmospheric  air  from  that  chamber. 
Suppose  now  the  cap  of  the  chamber  be  put  down,  und  by  the  movement  of 
tlic  rod  attached  to  the  float  the  orifice  h  and  gas>pipe  D  be  closed,  the 
combustion  will  immediately  cease,  and  leave  therein  a  partial  \'acuum.  The 
atmosphere  beginning  now  to  press  upon  the  vessel  F,  will  cause  so  much 
of  the  water  to  pass  from  it  into  the  chamber  C  as  will  nearly  compensate 
the  vacuum,  when  the  valve  through  which  the  water  passed  being  closed, 
and  communication  between  the  interior  of  the  chamber  and  the  open  air 
rffoctcd  by  the  opening  of  K^  the  water  contained  in  the  chamber  flows  from 
llicnce  through  the  aperture  u,  and  affords  power,  by  its  fall  and  weight,  to 
the  overshot  water-wheel  W.  From  hence  it  passes  into  tlie  vessel  S,  and 
finally  is  admitted  by  S'  S'  into  F  or  F',  leaving  the  engine  in  a  condition  to 
renew  tlic  opcratioi) 
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RjT  inspecting  the  plate  it  will  be  seen,  ikaX  when  the  cap^  of  one  cli&mber 
crosses,  the  several  openings  to  the  same  chamber  close  with  it;  and  by  the 
rising  of  the  other  end  of  the  beam  the  similar  openings  to  the  other  cham- 
ber are  opened,  and  prepared  for  a  like  operation.  It  will  also  be  seen  that 
the  production  of  this  motion  is  attained  by  the  rising  of  the  two  floats  in  the 
chambers  F  and  F^ 

The  advantages  to  be  derived  from  this  engine,  as  detailed 
in  the  descriptive  outline  of  the  inventor,  are. 

First,  ^*  The  quantity  of  gas  consumed  being  very  small,  the 
expense  of  working  the  engine  is  moderate.  In  its  application 
on  land  the  saving  will  be  extremely  gre$it,  the  cost  of  the 
coal  gas,  (deducting  the  value  of  the  coke,)  being  inconsider- 
able. The  expense  of  working  a  marine  engine  will  certainly 
be  greater,  as  the  gas  used  for  that  purpose  must  be  extracted 
from  oil,  pitch,  tar,  or  some  other  substance  equally  portable, 
yet  even  in  this  case,  it  will  not  equal  the  cost  of  Uie  fuel  re- 
quired to  propel  a  steam-boat ;  and  as  a  few  butts  of  oil  will 
be  sufficient  for  a  long  voyage,  vessels  of  the  largest  tonnage 
may  be  propelled  to  the  most  distant  parts  of  the  world. 

Secondly,  ^^  The  engine  is  light  and  portable  in  its  construc- 
tion, the  average  weight  being  less  than  ont'-jifth  the  weight 
of  a  steam-engine,  (and  boiler,)  of  the  same  power.  It  also 
occupies  a  much  smaller  space,  and  does  not  require  the 
erection  of  so  strong  a  building,  nor  of  a  lofty  chimney.  In 
vessels,  the  saving  of  tonnage  will  be  highly  advantageous, 
both  in  the  smaller  comparative  weight  and  size  of  the  engine, 
and  in  the  very  reduced  space  required  for  fuel. 

Thirdly,  "  This  engine  is  entirely  free  from  danger.  No 
boiler  being  usedy  explosions  cannot  take  place,  and  as  the  quan- 
tity of  gas  consumed  is  so  small,  and  the  only  pressure  that 
of  the  atmosphere,  it  is  impossible  that  the  cylinder  can  burst, 
or  the  accidents  incidental  to  steam-boats  occur. 

**  The  power  of  the  engine,  (being  derived  from  the  atmo- 
spheric pressure  of  ten  pounds  and  upwards  upon  the  square 
inch,)  may  be  increased  with  the  dimensions  of  the  cylinders, 
to  any  extent,  and  always  ascertained  by  a  mercurial  gauge. 

*^  It  is  scarcely  necessary  to  allude  to  the  well-known  fact, 
that,  after  deducting  the  friction  arising  from  the  use  of  the 
air  and  cold-water  pumps,  &c.  &c.  the  general  available  power 
-of  the  condensing  steam-engine  is  from  seven  to  eight  pounds 
per  square  inch. 

"  The  cost  of  the  machine  will  be  rtiorty  particularly  as  con- 
structed  for  raising  water;  it  is  therefore  peculiarly  adapted 
for  draining  fens,  &c.  or  supplying  reservoirs.  The  expense 
of  wear  and  tear  will  also  be  considerably  less  than  that 
of  the  steam-engine,  and  when  occasionallv  out  of  order, 
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it  mav  be  repaired  at  a  trifling  cost,  and  witli  but  little 
delay:" 

In  examibing  tlie  efTrcIs  of  this  eiigioe,  we  cannot  to  a  cer- 
tain extent  withhold  our  approbation  i  for  the  patentee  hwt 
undoubtedly  effected  and  applied  a  vacuum,  produced  by  igni- 
tion, in  a  manner  different  and  more  manageable  than  nnjr 
attempts  that  have  hiiherio  come  to  our  knowledge.  The 
probability  of  its  entering;  efficiently  into  competition  with 
the  steam-power,  ia  a  question  that  requires  the  data  of  expe- 
rience, which,  in  this  early  state  of  the  invention,  cannot  be 
procured. 

We  understand  it  is  the  intention  of  the  inventor  to  apply 
the  effects  of  the  vacuum  thus  produced  to  the  movement  of  a 
piston  in  a  cylinder,  which  object  will,  when  attained,  afford 
a  much  greater  scope  for  the  application  of  its  powers,  and 
render  it  peculiarly  applicable  to  locomotion.  The  obstacle 
which  at  present  suggests  itself  to  the  attainment  of  this  end 
is,  the  difficulty  of  procuring  a  rapid  condensation  without 
itllowing  cold  water  to  enter  the  cylinders  at  each  stroke, 
which  in  the  present  form  of  construction  is  allowed,  and 
which  greatly  aids  the  operation  by  keeping  the  chambers 
entirely  cool.  Without,  however,  seeking  for  obstacles, 
we  wish  the  ingenious  inventor  success  in  surmouDtins 
them. 


ON  THE  STRENGTH  OF  MATERIALS. 

An  accurate  knowledge  of  the  following  experimants  mkde 
by  Mr.  George  Kennie,  Jun.  and  communicated  by  him  in 
a  letter  to  Thomas  Young,  M.  D.  For.  Sec.  K.  S.  is  of  to 
much  importance  in  the  construction  of  machines,  that  we 
have  extracted  it  from  the  Transactions  of  the  Royal  Societyi 
to  which  wc  have  annexed  some  useful  notes  by  Mr.  T. 
Tredgold. 

"  In  presenting  the  result  of  the  following  experiments," 
says  Mr.  Rennie,  "  I  trust  I  shall  not  be  considered  as  deviat- 
ing from  my  subject,  in  taking  a  cursory  view  of  the  labours  of 
others.  The  knowledge  of  the  properties  of  bodies  which 
come  more  immediately  under  our  observation,  is  so  instru- 
mental to  the  progress  of  science,  that  any  approximation  to 
it  deserves  our  serious  attention.  The  Koyal  Society  appears 
to  have  instituted,  at*an  early  period,  some  experiments  on 
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subject,  but  thev  have  recorded  little  to  aid  us.  Emerson, 
in  his  Mechanics,  nas  laid  down  a  number  of  rules  and 
approximations.  Professor  Robison  in  his  excellent  ^eatise 
in  die  EncychfmAa  Britannica^  Banks  on  the  Power  of 
Machines,  Dr.  Anderson  of  Glasgow,  Colonel  Beaufoy,  &c. 
are  those,  amongst  our  countrymen,  who  have  given  the 
residt  of  their  experiments  on  wood  and  iron.  The  subject, 
lu^cver,  appears  to  have  excited  considerable  attention  on 
ifae.continent.  A  theory  was  published  in  the  year  1638,  by 
Galileo,  on  the  resistance  of  solids,  and  subsequently  by  many 
odier  philosophers.  But  however  plausible  these  investiga- 
tions appeared,  they  were  more  theoretical  than  practical,  as 
win  be  seen  in  the  sequel.  It  is  only  by  deriving  a  theory 
from  careful  and  well  directed  experiments,  that  practiciu 
fcaults  can  be  obtained.  It  would  be  useless  to  enumerate 
the  labours  of  those  philosophers,  who,  in  following,  or  vary- 
ing from  the  steps  of  Galileo,  have  merely  tended  to  obscure 
%  subject  respecting  which  they  had  no  dau  to  proceed  upon. 
It  is  Bttflkient  to  enumerate  the  names  of  those  who,  in  con- 
Junction,  vrith  our  own  countrymen,  have  added  their  labours 
to  the  little  knowledge  we  possess.  The  experiments  of 
Bufibn,  recorded  in  the  Annals  of  the  Academy  of  Sciences  at 
Paris^  in  the  years  1740  and  1741,  were  on  a  scale  sufficiently 
large  to  justify  every  conclusion,  had  he  not  omitted  to  ascer- 
tain the  dirett  and  absolute  strength  of  the  timber  employed. 
It  however  appeared  from  his  experiments,  that  the  strength 
of  the  ligneous  fibre  is  nearly  in  proportion  to  the  specific 
gravity.  Muschenbroek,  whose  accuracy,  (it  is  said,)  entitled 
him  to  confidence,  made  a  number  of  experiments  on  wood 
and  iron,  which,  by  being  tried  on  various  specimens  of  the 
same  materials,  afforded  a  mean  result  considerably  higher 
than  other  previous  authorities.  Experiments  have  also  been 
made  by  Mariotte,  Varignon,  Perronet,  Ramus,  Rondelet, 
Gauthey,  Navier,  Aubry  and  Texier  de  Norbeck,  as  also  at 
the  Ecoie  Poly  technique^  under  the  direction  of  M.  Prony. 
"With  such  authorities  before  us,  it  might  be  deemed  presump* 
tion  in  me,  to  offer  you  a  communication  on  a  subject  which 
had  been  previously  treated  of  by  so  many  able  men.*    But 

*  It  is  trae  thftt  the  subject  has  been  considered  by  numy  able  phlloso- 
phef%  from  Qalileo  down  to  the  present  period,  but  it  is  only  lately  that 
the  proper  object  of  attention  has  been  appertained;  or  at  least  the  results 
of  theb  inquiries  had  not  been  brought  forward  in  a  practicable  form.  For 
when'Ilr.  T.  Toung  published  his  Lectureti  there  was  tittle  on  the  subject 
besidea  the  intricate*  and  I  may  add  unaatisfaeloiy,  inrestigations  of  Euler 
mSL  Zjignuige,    Ai  to  the  terittance  to  tectQn^  wtuch  with  the  greater  part 
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1  had  occasion  to  investigate  the  principles  upon 

idifice  is  CDnstnicted.  where  ihe  combination  of  its 

ore  the  result  of  uncertain  rules  than  sound  prin- 

I  soon   find  how  scanty  is  our  knowledge  on  3  sub- 

ffhly  important.     The  desire  of  obtaining  some  ap- 

.fAiiiii        I,  which  could  only  be  accomplished  by  repeated 

ds  ou  ><■<:  substances  themselves,  induced  mc  to  undcnake 

following  experiments. 

bar  ot  the  best  Englith  Iron,  about  ien  feet  long,  was  wlecled  wid 
ii  into  a  lever,  whosE  fiilcnim  ia  dcnotL-d  by/,  &g.  209.  The  hole  -wit 
^irately  bored,  md  the  pin  turned,  nhicli  suffered  it  to  move  freely.  The 
idard  A  >"'•  firmly  secured  by  the  nut  e  to  a  strong'  bed  plate  of  cut* 
I.  mad  lo  the  ground.    The  lever  waa  accuralcly  divided  in  iu 

^  was  made  straight  in  a  line  with  the  fulcrum.    A  paint, 

,  selected,  at  five  inches  from  tlie  fulcrum,  at  nhicfa  phu;e 
I  ,>.  ...  d  piece  of  hardened  steel.  The  lever  was  bnluneed  by  a  weight, 
i  i'  «tste  it  wax  ready  for  operation.    But  in  order  to  keep  it  ai  lere) 

_.  a  hole  was  drilled  throug'h  a  projection  on  the  bed  plate,  laip 

■  nit  I  jtout  bolt  easily  through  it,  which  agwn  was  prevented  fiWB 

e  by  mesjii  of  a  tongue/ fitting  into  acorreBponding-gToore 
jic  hoU.  hat,  in  order  to  preserre  the  level,  we  had  only  to  move 

„iE  nut  to  e.  or  depress  the  bolt,  according  to  the  size  of  (he  ipeciioeB. 

But  u  an  .  •juality  of  pressure  would  slill  arise  fxotn  the  nature  of  the 
appiriLtus,  t  body  lo  be  examined  was  placed  between  two  pieces  of  steel 
the  pressure  oeing  communicated  through  the  medium  of  two  pieces  of  tluck 
leather  above  and  below  the  steel  piece*,  by  which  means  a  more  eqoll 
contact  of  surfaces  was  attuned.  The  aeije  was  ,hung  on  a  loop  of  imk. 
touching  the  lever  in  an  ed^  only.  I  at  fint  u»ed  a  rope  for  tne  bajaitca 
weight,  which  indicated  a  friction  of  four  pnunda,  but  a  chain  diminished 
the  friction  one-barf.  Every  movable  centre  was  ttcR  oiled.  Of  Uie  resist- 
ances opposed  to  the  sitnple  strains  which  may  disturb  the  quiescent  state 
of  a  body,  the  principal  are  the  repulsive  force,   whereby  it  resists  com- 

Rresuon,  and  the  force  of  cohesion,  whereby  it  resists  eitenuon.  On  the 
irmer,  with  the  exception  of  the  experiments  of  Gaulhey  and  Rondelet,  on 
•tones,  and  a  few  others,  on  soft  substances,  there  Is  scarcely  any  thing  on 
record.  In  the  memoir  of  M.  Lagrange,  on  the  force  of  springs,  published 
in  the  year  1760,  the  moment  of  elasticity  is  represented  by.  a  constant 
quantity,  without  indicating  the  relation  of  this  value  to  the  size  of  the 
spring:  but  in  the  memoir  of  the  year  1770,  on  the  forms  of  columns,  where 
he  considers  a  body  whose  dimensions  and  thickness  are  variable,  he  makes 
the  moment  of  elasticity  propoi-tlonal  to  the  fourth  power  of  the  lidjtis,  in  ob- 
serving the  relations  of  theory  and  practice  to  accord  with  each  other.     Tlut 


of  mechanical  writers  is  the  only  object  attended  to,  it  is  of  very  inferior  im- 
portance. 

The  laws  of  fleiure  constitute  the  chief  guide  in  the  construction  of  build- 
ings; and  the  intention  of  these  notes  is  to  call  the  attention  of  eipeiimental- 
ists  to  this  part  of  the  subject;  and  as  it  is  probable  the  ingenious  author  of 
the  experiments  now  before  mc  may  be  tempted  to  resume  his  labours,  I  fed 
certain  that  he  n-ill  not  feel  displeased  to  have  his  attention  called  to  some  in- 
teresting points  of  inquiry,  which  he  has  either  neglected  to  notice,  or  Ina 
not  given  to  the  public— T.  T. 
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was  adfliitted  by  Euler  in  hit  memoir  of  1780,  in  hi!  elabonte  inveitigatuMi 
of  the  fohns  of  columni.  Mr.  Coulomb  had  however  ahown  before  tluKt 
time,  how  inappfictble  all  these  calcida^ns  were,  to  oohmms  under  com- 
non  ekeamstancet)  and  yon,  air,  have  repeated  the  obtenrition  in  tout 
lectmea  on  natural  philocophy.  The  reaulti  of  experiments  have  abo  been 
cquaify  discordanti  since  it  is  deduced  from  those  of  Beymddib  that  the 
power  required  to  crush  a  cubic  quarter  of  an  indi  of  cast-iron  is  448000 
pounds  avoirdupoise,  or  200  tons;  whereas  by  the  avera^  of  thirteen  ex- 
periiHents  made  by  me  on  cubes  of  the  same  size,  the  amount  never  exceeded 
10393.53  lbs.  no^quite  five  tons.  This  may  be  seen  by  referring  to  the 
tablea.  There  were  four  kinds  of  iron  us^  via.  1.  Iron  taken  from  the 
«eatve  of  a  lar|^  block,  whose  cnrstals  were  similar  in  appearance  and 
jBagnitndf  to  those  evinced  in  the  fracture  ctf  what  is  usually  termed  gun- 
metaL  3.  Iron  taken  from'  a  small  casdng,  close  gruned,  and  of  a  dull 
grey  colour.  '3.  Iron  cast  horizontally  in  bars  of  t£ee-eighths  of  an  inch 
aquare,  8  inches  long.  4.  Iron  cast  verticidly,  same  nze  as  last.  These 
caitin^  were  reduced  equally  on  every  nde  to  i  of  an  inch  square:  thus 
removmg  the  hard  external  coat  usually  surrouncHng  metal  castings.  They 
wen  all  9u|^ected  to  s  gauge.  The  ban  were  then  presumed  to  botolerabhr 
BnifenD.  Ae  weights  used  were  of  the  best  kind  that  could  be  procured, 
and  as  the  experiment  advanced,  smaller  weighta  were  used. 

Iron  taken  from  the  block  whose  specific  gravi^  waa  7.033. 
Aitiagu.  Xbu  ftTdMapoiia 

f  JXi 1454 

1439.66{ix4 WW 

l4xi • 1449 

On  specimens  of  difierent  lengths.    Specific  gravity  of  iron  6.977. 

S4Xf  192S 

UX|   2310 

"1x4  slipped  with  1863  lbs.  filed  flat,  and  crushed 

with • ••  2363 

iX|  ditto    1495  ditto 2005 

1758J;  ^  ix|  ditto    •••  1407      . 

Uxf  ditto    f 1743 

ix|  ditto    1594 

Ux|  ditto    1439 

April  23,   1817.    ExperinuntM  on  cubes  of  i  of  an  inch  taken  from  the 

bhck, 

rjxi 

9773.5  J  }><} 

Ux* 
rixj 

Uxi 
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Castinga,  korizontaL    Spedfie  gravity  7. 113. 


Vertical  castings.    Spedfie  gramty  7.074. 
'iX  J  bottom  of  vertical  bar  •••••••••••••••••• 

ixi 

1113675^  1^1  iir.i!!!ii!!!!iii!i!rriiiiiii,iir.*ir.*! 

iXi  fuU  nze.    Scale  broke  with  10894(  tried 
again  ••••••••••••••••••••••••••••••< 


10561 
9596 
9917 
9020 

10432 

10720 

10605 

8699 

12665 

10950 

11088 

9844 

11006 
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■Ting  n  lo^ritlimic  curve  for  iti  limiTs,  rcErmblin^  a 
~'U  1  of  ftn  inch  diameter  bv  one  inch  lonr,  broke 

; 6954 

April  Zith.     Triab  on  prmna  of  diffrrtnt  Irngthi. 

Q.,.,JJXl  liomontal  9*55 

'^^■'Uxi  ditto    9374 

i  X  i  ditto,  bid  iml,  9006  lb«. 

9982.5jjj^j  ditto A looar 

Jljiril  29th.    f/oraonial  eaatmei. 

IXi 9006 

Ixj 88*5 

JXt 8363 

JXJ 6430 

^x|  or  one  inoh  lon^ 6331 

Ftriital  Hotingt. 

JXJ 933B 

iXi 8385 

Jxj  »  snull  defect  in  Ihe  ipeeimen  ••♦  rSM 

JXi 7018 

JXlof  one  inch • ••••• 6430 

Ezptriiaata  on  diffmni  metaia. 

JX  Jeastcopper.crumbledwith 7318 

iXifine  yellow  bniwrcduced-i^  with  3213.  )  wilhx*  10304 

iXj  wrought  copper -jV ^ilT.  i 6440 

jxicuttin -ft 553.  i 966 

JXicutleid 1 4S3 

The  anomkl]'  between  tbe  three  Rnt  experiments  on  j  cubes,  ind  the  two 
^fcoiid  of  t.  difFerrnt  length,  can  only  he  accounted  for,  on  the  difficult*  tif 

prismi  of  different  lengths  give  no  ratio.  The  eipcrimcnts  on  J  inch  citbe^ 
taking  Kn  average  of  the  throe  first  in  each,  give  a  proportion  between  them 
and  £e  three  on  1  cubes, 

as  I  :  6.096  in  the  block  cistingi 

as  1  :  7.353  in  the  horizontal  ditto 

u  I  :  8.035  in  the  vertical  ditto. 
In  several  cases  tbe  proportion  is  as  the  cubes. 
Tile  vertical  cube  castings  »re  stronger  than  the  horizonlaJ  cube  casting* 
The  prisma  usually  assumed  a  curve  similar  to  a  curve  of  tbe  third  order, 
previous  to  breaking. 

The  experiments  on  the  different  metaia  give  no  aatit- 
fkctory  results.  The  difficulty  consists  in  assigning  a  value 
to  the  dilFerent  degrees  of  diminution.  When  compressed 
beyond  a  certain  thickness,  the  resistance  becomes  enormous. 

Experiments  an  the  auspemian  of  bars. 
The  lever  was  used  as  in  the  former  case,  but  the  metais  were  held  by 
nippers.  They  were  made  of  wroiight-iron,  and  their  ends  adapted  to  reeeire 
the  bars,  which,  by  being  tapered  at  both  citremities,  and  increasing  in 
diameter  from  the  actual  section,  (if  I  may  so  express  it,)  and  the  jkws  of  the 
nippers  being  confined  by  a  hoop,  confined  both.  The  bars,  which  wct«sl  , 
inches  long,  And  i  square,  were  thus  fairly  and  fknnly  grasped. 
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Cf^  April  90,  U17. 

45  I  Inchf  cast  iron  W,  horizontkl  ••••••«•••••  116^'9^«qa  ei.^ 

46  i  do.  do.  vertical  ....# 12185  *^^*^-* 

47ida  cast  flteel  previously  tilted 8391 

48  i  do.  blist^  steely  reduced  per  hammer  •  ••  •  8323 

49  I  do.  shear  steel,       do.      do.  • 7977 

50  i  do.  Swedish  iron,    do.       do.  ••••••••••••  4504 

51  i  do.  English  iron»    do.       do 3492 

52  i  do.  hard  gun-metal,  mean  of  two  trials  ••••  2273 

53  i  do.  wrought  copper,  reduced  per  hammer  ••  2112 

54  i  do.  cast  copper»«««««»«««««««»«*»»«»»««»  1192 

55  i  do.  fine  yeUow  brass 1123 

56  i  do.  cast  tin • 296 

57  i  do.  cast  lead •' ••••••••    114 

•  jRemarltt  on  the  kut  txptrimeni** 

The  latio  of  the  repulsion  of  the  horizontal  cast  cubes  to  tiie  cohcAon  of 
horizontal  cast  bars,  is  8.65  : 1. 

Hie  itttio  of  the  vertical  cast  cubes  to  the  coheaon  of  the  vertical  cast  ban^ 
ft  as  9.14  : 1. 

The  average  of  the  bars,  compared  with  the  cube.  No.  16,  is  as  10.611 : 1. 

The  othe^  metab  decrease  in  streng^  from  cast  steel  to  cast  lead. 

The  stretching  of  all  the  wrought  bars  indicated  heat. 

The  fracture  m  the  cast  bars  was  attended  with  very  little  diminution  of 
•eetion,  scarcely  sensible. 

The  ezperiment  made  by  M.  Prony,  (which  asserts,  that  by 
making  a  slight  incision  with  the  file,  the  resistance  is 
lUminished  one-half,)  was  tried  on  a  |  inch  bar  of  English 
iron ;  die  result  was  2920  lbs.  not  a  sixth  part  less. 

This  single  experiment,  however,  does  not  sufficiently  dis* 
prove  the  authority  of  that  able  philosopher,  for  an  incision 
is  but  a  vague  term.  The  incision  I  made  might  be  about 
the  fortieth  part  of  an  inch. 

Expcrimenta  on  ike  twist  ofi  ineh  ban. 

To  effect  the  operation  of  twisting  off  a  bar,  another  apparatus  was  prepared: 
it  consisted  of  a  wrought-iron  lever  two  feet  lon^,  having  an  arched  head  about 
l-6th  of  a  circle,  of  four  feet  diameter,  of  which  the  fever  represented  the 
vadius)  the  centre  round  which  it  moved  had  a  square  hole  made  to  receive  the 
end  of  the  bar  to  be  twisted.  The  lever  was  balanced  as  before,  and  a  scale 
hung  on  the  arched  head;  the  other  end  of  the  bar  being  fixeckin  a  square  hole 
in  a  piece  of  iron,  and  that  again  in  a  vice.  The  undermentioned  wei^ts 
represent  the  quantity  of  weight  put  into  the  scale. 

May  30,  1817. 
On  twists  close  to  the  bearing,  cast  horizontal. 

Ko«  Ibt.  oz* 

58  ^  in  bars,  twisted  as  under  with ••••  10  14  in  the  scale. 

59  i  do.  bad  casUng •  8    4 

60^do i *  10  11 

Average    9  15 
Cast  vertical. 

61  i 10    8 

62  i 10  Iti 

63  i  •• 10  11 

Average    10  ItJf 
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On  difi'eroit  inetiU. 

rfrd 17    9  inlhcKtl*. 

rsteel 17     1 

67  I          ih  iron,  wrought  .-.- 10  2 

68!          sh  iron,  wrou^t 9  8 

69  biun  gun-meUl  5  0 

70  Fine  ytHow  brass • 4  11 

71  Copper,  cast • 4  5 

72  Tin 1  7 

73  Lead 1  0 

On  lu-'ifU  of  different  lenglhi, 
IlorizonUl,  A'ertica]. 

wrtgW  hi  «lf.  K«.  Wcitlrt  h ' 

.by  J  long 7    J        I        77  i  by  j  do IC 

.jibjjdo 8     1  7aibyi<lo <    I 

76ibjlinchdo 8    e        (        79  i  by  1  inch  do. ».    I 

llorizonul  twists  at  6  from  the  bearing. 

80  i  by  6  inchei  long  ■••• • It 

SHbydcdo • E 

83ibydo.da.    i 

I'wista  of  J  incb  squsre  bars,  cast  tionzontaUy' 

83  i  close  to  the  bearing' •••• 

B4  4do.   

83  i  at  10  inches  fi«m  bearing;,  lever  in  the?      1  34    Q 
middle * .........5 

On  ttoitli  of^fftmil  meieruUt. 
These  experiments  vcre  mwle  dose  to  the  beirinj^,  and  ihc  weirhti  welt 
accumulated  in  the  scale  until  the  substances  were  wrenched  asunder. 

86  Cast  steel   19     9  'Jl   llanigTin-mctal S    0 

87  Shearsteel 17     1  92  Fine  yellow  brass 4  11 

83  Blistersteel 16  11  93  Copper  4   5 

89  English  iron.  No.  !*••  10    2  94  Tin 1    7 

90  Swedish  iron 9    8  95  Lead 1    0 

Jitmarkf. 
Here  tlie  strength  of  the  vertical  haw  still  predominates, 
The  averse  of  the  two  taken  conjointly,  and  compared  with  m  aimilir 
ciue  of  j  inch  tftis,  gives  the  ratio  as  the  cubes,  as  was  anticipated. 

In  the  horizonul  castings  of  difTcrent  leng:ths,  the  balance 
is  in  favour  of  the  increased  lengths  ;  but  in  the  vertical  call- 
ings, it  is  the  reverse.  In  tieither  is  there  any  apparent  ratio. 
In  the  horizontal  castings  at  six  inches  from  the  bearingi 
there  is  a  visible  increase,  but  not  bo  great  as  when  close  to 
the  bearing. 

June  4,  1817.     Muallaneout  experiments  on  the  crush  of  am  cuSlc  mck. 


iSm 


1606 

9H  White  deal 192t 

99  English  oak,  racan  of  two  trials • ••••••  3860 

100  Ditto,  of  5  inches  lung,  dipped  with • 3573 
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101  En^ib  oak,  of  four  inches  long,  slipped  with  • >....  3147* 

102  Aprinnof  Portland  stone  3  inches  long •• ..■>.     805 

103  Ditto, atatuuy marble • •....••.•...  3315 

104  Craif  Leith B688 

In  the  following  experiinents  on  stones,  the  preMurewas  commuiucated 

through  a  kind  ot  p^Tamid,  the  base  of  which  rested  on  the  hide  It^ther,  and 
that  on  the  stoncj  The  lerer  pressed  upon  the  apex  of  the  pytnmid.  Cubes 
of  one  and  a  half  inch. 

No>  Bp«-  rnTt  lb*,  svoir- 

103  Chalk    1137 

106  Brick  of  a  pale  red  colour 2.085       1265 

107  Roe-stone,  Gloucestershire  • 1449 

108  Red  brick,  mean  (tf  two  trials 2.168        1817 

109 -Vellow  face  haktd  Ilammcrsnuth  paviors,  3  times  •••■  2254 

110  Burnt  do.  me.'iii  oC  two  trials 3243 

111  Stoiubridge  or  fire  brick •... .1864 

113  Derby  grit,  s  red  friable  sand-fitonc 2.316        r070 

113  Ditto,  from  another  quany  3.428  9776 

114  Killalj- white  freestone,  not  stmtificd    2.42J  10264 

115  Portland 2.428  10284 

116  Craig  Leith,  white  freestone    2.452  13346 

Jime  5,  6,  nnd  7,  1817. 

117  Yorkshire  paving  with  the  strata S.507  12836 

118  Ditto  do.  againat  tjic  str:.tn  2.307  12856 

119  White  jutiisiy  marble  not  veined  2.760  13632 

120  BnunleyFtJI  sandstone,  near  Lceda,w)tli  strata 3.506  13632 

121  Ditto,  against  the  atnila 2.306  13632 

122  Comiah  KTanlte  2.663  14302 

123  Dundee  sandstone  or  brescia,  two  kinds 2.330  14918 

124  A  two-inch  cube  of  Portland      2.423  14918 

135  Craig  Leith  with  the  atraU         2.432      15560 

136  Devonshire  red  marble,  variegated   •••••••••••••••••      ••••        16713 

127  Compact  limestone        2.5H4  17354 

128  Heterhcnd  granite  hard  close  grained   ••..•..•.. 18636 

129  BkckcompnctlimestoncLimerick 2.398  19924 

130  Purbcck  3.599  20610 

131  Black  lirahiiTil  ii.nilij.-  2.697  20742 

132  Vtn  I.I  •  1:..       .      2.538  31254 

133  IVl.,'  marble 2.726  21783 

134  .M,..  kind 2.625  24556 

N.  B.  Thi;  specitic  t,Tavities  were  taken  with  a  delicate  balance,  made  h; 

Creighton  of  Glasgow,  all  with  the  exception  of  two  specimens,  which  wenj 
hy  accident  omitted. 

Hemar/U. 

In  observing  the  results  presented  by  the  preceding  table, 

it  will  be  seen  that  little  dependence  can  be  placed  on  the 

'  The  eiperiraEnts  on  woods  arc  considerablj' below  those  of  other  writers, 
and  it  appeiu-ssingulj-r  tli^il  iJii;  fDiir-liicU  SJi-.Timi'li  should  bi- stronger  than 
the  shorter  length.  Accordinc'  to  niiiv]-.'  i;i.'s  i\  pi;  rim  en  is,  to  crusli  a  cubic 
incll  of  oak  it  rciiuired  from  JUUU  to  6000  IIki.  avoirdupoisc, 

of  fir      -        -        from  6000  to  7000  lbs. 
In  the  former  the  pieces  were  comjircssed  one-thinl  of  their  lengtlij  in  the 
latter  one-half  of  heir  length,  (  Rondclet's  i'^rt  (fe  Bn/i>,  torn.  iv.  p.  67.)   Mr. 
hcnuic  lias  not  staU^d  the  diminution  of  leni;lh, 

f  It  certainly  would  have  been  prt-fetablc  to  have  placed  a  hard  and  rigid 
■ubstance  next  tlic  stone,  in  order  to  secure  equality  of  pressure. 
31 
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B     -      'itjcs  of  stone,  so  far  as  regards  their  repulsive 

._,^(  ough  the  increa&e  is  certainly  in  favour  of  their 

,1  itics.     Bui  there  would  appear  to  be  some  unde- 

I  the  connection  of  bodies,  with  which  the  spci  ific 

little  to  do.     Thus,  statuary  marble  has  a  specilic 

c  Aberdeen  granite,  yet  a  repulsive  power    not 

_ach  aiiu...  half  the  latter.   Again,  hardntsa  is  not  altogether 

I  characteristic  of  strength,  inasmuch  as  the  limestones,  which 

yield  readily  to  the  scratch,   have  nevertheless  a  repulsivt 

DOwer  approaching  to  granite  itself. 

is  a  curious  fact  in  the  rupture  of  amorphous  stones, 
pyramids  are  formed,  having  for  their  base  the  upper 
of  the  cube  next  the  lever,  the  action  of  which  displaces 
iiic  sides  of  the  cubes,  precisely  as  if  a  wedge  had  operated 
between  them.  I  have  preserved  a  number  of  the  specimens, 
the  sides  of  which,  if  continued,  might  cut  the  cubes  in  the 
direction  of  their  diagonals. 

ExptrimenU  made  on  thi  Iranmrene  strain  of  coat  ban,  the  cndi  lomc.   Juiu  8i*, 
1817.' 

Wrighi  of  Uie  din.  gfliMriBp.   Ik 

135  Bar  of  1  inch  !:quBre    13     6        3    0*         897 

136  (Do.  of  1  inch  do 9     8  3  8  10B6 

137  7Halrthe  above  bu I-  4  3330 

138  C  Bur  of  1  inch  muu-e,  thtough  the  dkganal        2     8  2  8  Ul 

139  iHiJftheiJjoveW 1  4  Mff 

140  5  Bar  of2  Inches  deep,  by  i  inch  thick    •■■•       9     3  2  9  3185 
HI    ?  Half  the  above  bar 1  4  4S0S 


Sle,  WIS  Uid  upon  supports  exactly  three  feet  apart  i  the  bar  was  an  inch  iqiiire, 
and  when  308  pounds  were  put  into  a  scale  susnendeil  from  the  middle  "" 
'lei^,  the  defleiionwBsfoundtobeS-iethsof  aninch;  whence  the  hei, 


the  modulus  of  elasticity  is  6,386,688  feet.  The  etperiment  was  made  b;  Hr. 
R.  Ebbels,  at  tiimons,  near  Hereford.  A  joist  of  cast-iron,  nine  inches  deep, 
resembbng  in  form  the  letter  I,  was  laid  upon  supports  19  feet  apart,  first  on 
its  ed§^,  when  the  deflexion  from  its  own  wei[;ht  wasS-40ths  of  an  inch.  It 
was  then  laid  flatwise,  and  the  deflexion  from  its  own  weight  was  3  j  inchei. 
The  casting  were  from  Messrs.  Dowaons'  foundry,  Edg ware-road.  The  iron 
yielded  easily  to  the  file.  The  height  of  the  modulus  of  elasticity  according 
to  the  expeiiment  on  the 

joist  flatwise  is  5,100,000  foet, 

on  the  edge  is  5,700,000  feet. 

The  deflexion  being'  very  small  when  the  joist  was  on  its  edge,  perhaps  it  was 
not  measured  with  the  necessary  degree  of  accuracy,  as  a  very  smu)  error 
would  cause  the  difference  in  the  result.  The  following-  tablet  contains  the 
value  of  the  modulus  for  cast-iron,  according  to  the  expenmt  tits  above  stated. 

CasLiron  (Welsh)  .". ...  e.SfiMSS  "''  ''Eb™ls."^ 

Cast.iron  3,500,000  Banlis. 

Ca.'it-iron,  grey  French 5,095,480  Rondelet. 

Cast-iron,  soft  do.    4,247,000  Bandelet. 

Cast-iron  5,700,000.  By  my  trial. 
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Weight  oftliedis.  or  bearingi.   Iln. 
.  ,  ^       ^      « ^'^"t   Ibfc  o«.        ft    in.  ftmir. 

142  C  Bar  3  inches  deep,  by  }  inch  thick   9  15       2    8        3588 

143  dHalfthebar ■  1    4        6854 

144  Bar  4  inches,  by  i  inch  thick  ••••••••• 9    7       2    8        3979 

145  Equilateral  triang^Ies  with  the  angle  up  and  down. 

146  r%:dge  or  ang^le  up 9  11        2    8        1437 

147  J angple  down ••••••••••    97        2    8  840 

148  ]  Half  the  first  bar 1    4        3059 

149  LHaifthe  second  bar • 1    4        1656 

150  A  feather-edg'ed  or  ±  bar  was  cast  whose  dimensions  were 

151  C  2  inches  deep  by  2  wide • 10   .0    edire  up  2    8        3105 

152  ^  Half  of  ditto 

i  N.  B.  All  these  bars  contained  the  same  area,  though  differently  distributed 
at  to  their  forms. 

Experiments  made  on  the  bar  of  4  inches  deep  by  |  inch  thick,  by  giving  it  dif- 
ferent forms,  the  bearings  at  2fiet  8  inches,  as  before, 
>'o>  Ibc  Ibt. 

153  Bar  formed  into  a  semi-cllipsc,  weighed •••••«••••••  7         4000 

154  Ditto,  parabolic  on  its  lower  edge  ••••••••••••••••••••••••••••  3860 

Ditto,  of  4 inches  deep  by  |  inch  thick* ••••••••••••• ••••  3979 

Experiments  on  the  transverse  strain  of  bars,  one  end  made  fast,  the  weight 
being  suspended  at  the  other,  at  2  feet  8  inches  from  the  bearing. 

155  An  inch  square  bar  bore •••••••••••••••••••••••••• ••••••     280 

156  A  bar  2  inches  deep  by  ^  an  inch  thick    ••••••••••••••     539 

157  An  inch  bar,  the  ends  made  fast  ••••••• ••••••••••  I173 

The  paradoxical  experiment  of  Emerson  was  tried,  winch  states  that  by 

cutting  off  a  portion  of  an  equilateral  triangle,  (see  page  114  of  Emerson's 
Mechanics,)  the  bar  is  stronger  than  before,  that  is,  a  part  stronger  than  the 
whole.  The  ends  were  loose  at  two  feet  eight  inches  apart  as  before.  The 
edge  from  which  the  part  was  intercepted  was  lowermost,  the  weight  was  ap- 
plied on  the  base  above,  it  broke  witli  1129  pounds,  whereas  in  the  other  case 
it  bore  only  840  pounds. 

Remarks  on  the  transverse  strain. 

Banks  makes  his  bar  from  the  cupola,  when  placed  on  bearings  three  feet 
asunder,  and  the  ends  loose,  to  bear* •• •••••• ••••••••  864  lbs. 

Now  all  my  bars  were  cast  from  the  cupola,  the  difference  was  therefore  33  lbs. 

I  adopted  a  space  of  two  feet  eight  inches  asunder,  as  being  more  conve- 
nient for  my  apparatus.  The  strength  of  the  different  bars,  all  cases  being 
the  same,  approaches  nearly  to  the  theory,  which  makes  the  comparative  va- 
lues as  the  breadths  multiplied  into  the  squares  of  the  depths.  The  halves  of 
the  bars  were  tried,  merely  to  keep  up  the  analog)'.  The  bar  of  four  inches 
deep,  however,  fidls  short  of  theory  by  365  pounds.  It  is  evident  we  cannot 
extend  the  system  of  deepening  the  bar  much  further,  nor  does  the  theory 
exactly  maintain  in  the  case  of  the  equilateral  triangle  by  •••••••••  243  lbs. 

The  diagonal  position  of  tlie  square  bar,  is  actually  worse  than  when  laid 
on  its  Hide,  contrary  to  many  assertions. 

The  same  quantity  of  metal  in  the  feather-edged  bar  was  not  so  strong  as  in 
the  four-inch  bar. 

The  semi-cUiptical  bar,  exceeded  the  four-inch  bar,  although  taken  out  of 
it.     The  parabolic  bar  came  near  it. 

The  bar  made  f:ist  at  both  eiuls,  I  suspect  must  have  yielded,  although  the 
ends  were  made  fast  by  iron  straps.  The  experiments  from  Emerson, 'on 
solids  of  different  forms,  might  be  made;  but  the  time  and  trouble  tliese  ex- 
periments liave  already  cost,  liavc  compelled  me  to  relinquish  further  pursuits 
for  the  present.  If,  however,  in  the  absence  of  better,  they  are  worthy  of  the 
indulgence  of  the  Koyal  Society,  it  will  not  only  be  a  consolation  to  roe  that  my 
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likbout*  merit  their  Attention,  but  a  furilirr  induecmciit  to  pro«eculc  ilitf  iii- 
icBligaiion  of  imfiil  facts  wIiicli.tYcn  ill  the  present  advanced  «tate  of  k«n»- 

K'lij^c,  wUl  yet  idmit  oraiIii4tioii. 

TTic  science  of  construction  is  yet  in  its  Infancy,  and  cer- 
tainly requires  many  atiditiona.  Inc  first  experiments  on  die 
strength  of  materials  appear  to  have  been  made  before  the 
Royal  Society ;  and  tlicre  can  be  no  doubt  that  a  favourable 
reception  will  be  given  to  any  others  that  will  ttntl  to  eluci- 
date a  subjtct  which  is  likely  to  form  one  of  the  principal 
branches  of  an  engineer's  education;  as  he  must  either  proceed 
on  the  principle  of  science,  or  be  directed  by  a  feeling  of  fit- 
ness, which  is  to  be  acquired  only  by  devoting  a  UfctJiitc  to 
the  practice  of  his  art. 


HYDRAULIC  ENGINES. 

This  term  is  applicable  to  all  machines  driven  by  the  force 
of  water ;  consequently  we  have,  under  the  article  "  Water- 
mills,"  already  treated  of  the  most  extensive  branch  of  these 
machines.  Those  which  have  now  to  claim  our  attention, 
are  such  as  could  not  with  propriety  be  introduced  under 
that  head,  and  which  are,  upon  the  whole,  of  too  much  im- 
portance, both  with  respect  to  the  conveyance  of  water,  and 
as  accessions  to  mechanical  combinations,  lo  be  entirely 
omitted. 

I.  Of  all  the  hydraulic  machines  invented  by  the  ancients, 
though  Archimedes'  screw  is  the  most  curious,  the  tympanum 
raises  the  irrcaicst  quaiititv  ol  ivatcr  at  once. 
•It  roi!-  .,1  planks  joinefl 

togclliii-.     I  ■■  iiiii:    imports,  s 

kind  of  barrel  or  drum,  and  hannj^  an  liorlzontjJ  asle  on  which  it 
tunis.  The  interior  is  divided  by  ci^^bt  partitions  into  w  many  equiJ 
(paces  or  cells,  each  of  which  lias  an  urilicc  of  about  lialf  a.  foot  In  the  lioi 
of  the  drum  or  wheel,  stiaped  so  as  to  facilitate  the  idmis^on  of  the 
water:  there  are,  moreover,  eight  hollow  channels  running  contiguous 
to  each  other  and  parallel  to  ttic  axis  of  tlie  wbeel,  each  corresponding  to 
one  of  the  eight  large  cells,  through  which  the  water  passes  from  the  cells 

S'  1st  mentioned,  and  aflcr  running  along  the  channels  to  a  convenient 
(Stance  escapes  through  oriliccs  into  a  reservoir  placed  just  beneath  the 
ule  of  the  wheel.  1'lius  the  water  is  elevated  thivugh  a  vertical  space 
equal  to  the  radius  of  the  hollow  wheel.  When  the  tympanum  is  used  to 
raise  water  from  a  rumiioK-  stream,  it  is  moved  by  means  of  float-boardt 
impelled  bj  the  stream;  but  nlicn  employed  lo  raise  stagnant  water,  it 
receives  motion  from  a  foot-wheel  placed  on  the  same  shaft,  which  14 
as  we  have  already  described  under  the  article  "  Foot-mill,"  turned  by  men 
walking  inside.     The  chief  defect  of  this  machine  is,  that  it  raises  the  water 
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in  tke  HkmI  diMtlnntigeMU  utuation  potwible:  or  the  load  being  ToBttd 
mlwm  toimdi  the  eztTemitj  of  m  ndhu  of  tlic  wheel,  die  Brm  of  the  effec- 
tive lorec  which  amven  to  h,  increum  through  the  whole  quadrant  tl^ 
wtter  dMctibe*  in  ptadag  from  tha  bottcim  of  the  wheel  to  the  iJiitude  af 
it*  MDtiei  M  thkt  the^wer  nnut  >ct  id  like  manner  aa  if  it  were  uppUcd  kt 
a  «ilu:h-haadlc,  ud,  eoniequcntly,  camai  act  uiiiioroJ]-. 

2.  M.dela  Faue,  to  remedy  this  defect,  deviBcd  a  machine    . 
which  may  here  be  described,  together  with  the  proceu  of  ' 

reasoning  that  led  to  it.  - 

When  we  develope  the  cirEumference  of  m  circle,  ft  carve  ti  deecribed, 
(i.  e.  tlw  Involute) )  of  which  all  the  ndii  are  m  nianjr  tangent!  to  the  circle^ 
and  are  Kkewiae  all  respectively  perpendicular  to  the  tCTen]  polnta  of  the 
curve  described,  which  hai  for  its  gt«ateit  radiui  a  line  coual  to  the  peri' 
phery  of  the  drcle  evotved.  The  truth  of  which  it  shown  bj  geometrictanB 
when  treatinj^  of  the  feneKi  of  evolute  and  involute  curvea.; 

Hence,  having  an  ulc  whose  circumference  a  liltle  eiceeda  the  heiBlit 
which  the  water  is  prapoacd  to  be  elcTated,  let  the  citcumfeKnce  of  the 
axle  be  evolved,  and  make  a  curved  canal  whose  curvattira  diall  coincide 
thn>u|;hout  exactly  with  that  of  the  involute  jnst  fonned:  if  the  fiuther  extre- 
mity oTthia  canal  be  made  to  enter  the  water  that  ii  to  be  elevated,  and  the 
other  extremity  abut  upon  the  shaft  which  is  turned;  then  in  die  courte  of 
the  lotatioa  the  water  will  rise  in  a  vertical  direction,  tan^ntia]  to  the  diaf^ 
and  penendicalar  to  the  canal  in  whatever  position  it  may  be.  Thus  the 
action  M  the  weight  answerinff  always  to  the  extremity  of  a  horiiontal  imdius 
ii\n  b«  as  thou^  it  acted  upon  the  invariable  arm  of  a  lever,  and  Uie  power 
which  raises  the  wri^t  will  be  always  the  samp :  and  if  the  radiut  of  the 
wheel,  of  which  this  hollow  canal  serves  aa  a  bent  spoke,  ia  equal  to  the 
heigilit  that  the  water  is  to  be  laiied,  and  consequently  equal  to  the  circuni' 
ference  of  the  axle  or  shaft,  the  power  will  be  to  the  load  of  water  recipro- 
cally as  the  radius  of  a  circle  to  its  circumference,  or  directly  at  1  toG^neariy. 

In  Jf.  A  fa  iliye"*  opinion,  the  machine  oupht  to  be  compoied  of  fbor  of 
these  cansls:  but  It  haa  often  been  constructed  with  eig^t,  a*  lepKtented 
in  Sk-  310.  The  wheel  bring  turned  by  the  impuloon  of  die  itnam  Upon 
the  wiat-boards,  the  orifices  F,  E,  D,  C,  &c.  of  the  curvilinear  canal^  d^ 
one  after  anMher  into  the  water  which  runs  into  thetnj  and  u  the  wheel  le- 
volrea  the  fluid  rise*  in  the  canals,  f,  e,  d,  t,  ttc.  and  runi  out  in  a  ttreani  P 
ftom  the  bolea  at  Oi  it  is  received  into  the  trough  Q,  atid  convejed  tnm 
thence  bj  pipea. 

By  this  construction  the  weight  to  be  raised  offers  always 
the  same  resistance,  and  that  the  least  possible,  while  the 
power  is  applied  in  the  most  advantageous  manner  the  cir- 
cumstancflB  will  admit  of:  these  conditions  both  fulfilled  at 
the  same  time  furnish  the  most  desirable  perfection  in  a 
machine.  Further,  this  machine  raises  the  water  by  the 
•shortest  way,  namely,  the  perpendicular,  or  vertical ;  in  this 
respect  being  preferable  to  Archimedes'  screw,  where  the 
water  is  carried  up  an  inclined  path :  and  besides  this,  each 
curved  channel  in  this  wheel  empties  all  the  water  it  receives 
in  every  revolution,  while  the  screw  of  Archimedes  delivers 
only  a  small  portion  of  the  fluid  it  is  charged  with,  being 
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often  loa<Ied  with  twenty  times  as  much  water  as  ts  discharged 
in  one  rotation;  and  thus  requiring  an  enormous  increase  o( 
.  labour  when  a  large  quantity  is  intended  to  be  raised  by  it. 
The  nature  and  advantages  of  this  wheel  evince  very  for- 
tihly  how  far  the  speculations  of  geometers  arc  from  being 
30  unfruitful  in  useful  applications,  as  is  often  insinuated  by 
practical  men. 

3.  The  wheel  just  described  would,  wc  thinli,  be  the  most 
perfect  of  any  that  could  be  employed  for  raising  water,  had 
It  not  the  disadvantage  attending  the  tympanum,  which  is, 
that  it  can  only  raise  water  to  the  height  of  its  semidiamcter. . 
As  in  many  cases  water  is  to  be  raised  higher  than  the  radius 
of  any  wheel  can  well  be  made  for  practice,  wc  shall  next  d^^ 
scribe  a  machine  called  the  Noria,  common  in  Spain,  whi(|n 
raises  water  nearly  through  a  diameter. 

Tliii  Noria  conaUts  ot'  a  vertical  wheel  of  20  feel  diameter,  on  A 
circLiDifereiicc  of  wtuoh  are  tixcd  a  number  of  little  boxes  or  square  buckatt 
fbr  the  purpose  of  nirin^  the  water  out  of  the  welt,  cummtiiucating  wM 
tile  can.al  below,  and  to  empty  it  in  a  rcscrroir  above,  placed  br  iJte  d' 
«f  the  urhoel.  The  biickeu  have  .i  lalf  fhI  orifice,  to  receive  Mm]  to  d 
charge  the  water.  The  axis  ol  this  wheel  is  embraccii  by  (bur  9 
beams,  crossing  each  o^er  at  ri^ht  angles,  tapering  al  the  extrel^tlc 
and  forming  eight  Utile  arms.  Thia  wheel  i*  near  the  ceiUr 
hone-walk,  contiguous  lo  the  vertical  axis,  into  the  top  of  which  the  hcMH 
beam  i»  fixed<  but  near  the  battiMn  it  is  embraced  hj  four  Kttle  %eul^ 
forming  eiritt  uma  ■imiltU'  to  those  above  described,  on  the  ksU  c^  4 
water-wlieel.  As  the  mule  which  Ihey  use  goes  round,  tliese  honicnU 
»tmi,  supplying  the  place  ol'  cogs,  luke  hold,  each  in  succession,  of  lltow 
arm^   which   arc   fiicd   on   tlie   axis   of  the   walcr-whcel,   and   keep  it  is 

This  machine,  than  which  nothing  can  be  cheaper,  throw*  I 
up  a  great  quantity  of  water;  yet  undoubtedly  it  has  two  de-  | 
fects:  the  iirst  is,  that  part  of  the  water  runs  out  of  the 
buckets  and  falls  back  into  the  well  after  it  has  becD  raised 
nearly  to  the  level  of  the  reservoir:  the  second  is,  thai  a  con* 
siderabte  proportion  of  the  water  to  be  discharged  is  raised 
higher  than  the  reservoir,  and  falls  into  it  only  at  the  moment 
when  the  bucket  is  at  the  highest  point  of  the  circle,  and 
ready  to  descend.  These  inconveniences  are  both  remedied  ^ 
by  the  contrivance  mentioned  in  the  next  paragraph. 

4.  The  Pc-rsian  ivhecl  is  a  name  given  to  a  machine  for  I 
raising  water,  which  may  be  turned  by  means  of  a  stjeaoi,| 
A  B  acting  upon  the  wheel  C  D  £  according  to  the  order  (^  ] 
the  letters;  (fig.  310.) 

The  buckets  a,  a,  a,  a,  &c.  instead  of  being  firmly  listened,  are  hung  up 
the  wheel  by  ulrong  pins,  li,  b,  b,  b,   &.c.  fijii-d  in  the  side  <rf  tlie  rim;  win 
must  be  made  as  high  as  the  water  is  intended  to  he  nised  kbove  thefeieJi'  ■ 
that  pai-t  'if  ihp  aircim  iii  which  the  wheel  is  placed.  AsUk  wheel toiw'."' 
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buckets  on  the  right  hand  go  down  into  the  water,  where  they  are  filled, 
and  return  up  full  on  the  left  hand,  till  thev  come  to  the  top  at  Kf  where 
they  strike  against  the  end  n  of  the  fixed  trough  M,  by  which  they  are 
oTcnet,  and  so  empty  the  water  into  the  trough;  from  whence  it  ia  to  be 
conveyed  in  pipes  to  any  place  it  is  intended  for:  and  as  each  bucket  gets- 
over  the  trou^,  it  fidls  mto  a  perpendicular  position  again,  and  ao  .goes 
down  empty  till  it  comes  to  the  water  at  A,  where  it  is  filled  as  before.  On 
each  bucket  is  a  spring,  r,  which  going  over  the  top  or  crown  of  the  bar  m, 
(fixed  to  the  trough  1^)  nuses  the  bottom  of  the  bucket  above  the  lord  of 
its  mouth,  and  so  causes  it  to  empty  all  its  water  into  the  trough. 

To  determine  the  due  relation  of  the  power  and  the  weight  so  that  this  ' 
wheel  may  be  capable  of  producing  the  greatest  effect,  the  following  may 
be  taken  as  a  good  approximation.  After  having  fixed  the  diameter  of  the 
wheel,  which  must  be  something  greater  than  the  altitude  to  which  the 
water  is  to  be  raised^  fix  also  upon  an  even  number  of  buckets  to  be  hung 
at  equal  distances  round  the  periphery  of  the  wheel,  and  mark  the  position 
of  their  centres  of  motion  in  such  a  manner  that  they  will  stand  in  corres- 
ponding positions  in  every  quarter  of  the  circle:  conceive  vertical  lines 
drawn  Uirough  the  centre  of  motion  of  each  bucket  in  the  rising  part  of  the 
wheel;  tiiey  wi}l  intersect  the  horizontal  diameter  of  the  wheel  in  points  at 
which,  if  the  buckets  were  hung,  they  would  furnish  the  same  resistance  to 
the  moving  force  as  they  do  when  hanging  at  their  respective  places  on  the 
rim  of  the  wheel.  Thus,  supposing  there  were  18  equidistant  buckets^ 
then  while  eight  hung  on  each  side  a  vertical  diameter  of  the  wheel  there 
would  be  eight  on  the  other  side,  and  two  would  coincide  with  that  duuneter : 
in  this  case  the  resistance  arising  from  all  the  fUll  buckets  would  be  the  same 
as  if  one  bucket  hung  on  the  prolongation  of  the  horizontal  diameter  at  the 
distance  of  2  sin.  20<>  -f-  2  sin.  40^-^-2  sin.  60^*  +  2  sin.  80,  these  being  the 
innes  to  the  common  radius  of  the  wheel. 

To  know  the  quantity  of  water  that  each  bucket  should  contain,  take  four- 
ninths  of  the  absolute  force  of  the  stream,  that  is,  four-ninths  of  the  weight  of 
the  prism  of  water  whose  base  is  the  surface  of  one  of  the  float-boards,  and 
whose  height  is  that  through  which  water  must  fall  to  acquire  the  velocity  of 
the  stream;  so  have  we  the  power  that  should  be  in  equilibrio  with  tlie 
weight  of  water  in  the  buckets  of  the  rising  semicircle.  Then  say,  as  the 
sum  of  the  sines  mentioned  above  is  to  radius,  so  is  the  power  just  found  to 
a  fburth  term,  the  half  of  which  will  be  the  weight  of  water  that  ought  to  be 
contained  in  one  bucket.  Lastly,  as  the  velocity  of  the  wheel  will  be  to 
that  of  the  stream  nearly  as  one  to  two  and  two-fifths,  tlie  quantity  of  revolu- 
tions it  makes  in  any  determinate  time  becomes  known,  and,  by  consequence, 
the  quantity  of  water  the  wheel  will  raise  in  the  same  time;  since  we  know 
the  capacity  of  each  bucket,  and  the  number  of  them  emptied  in  every  re- 
volution of  the  wheel. 

5.  Another  contrivance  for  raising  water  similar  to  the 
chain*pump,  which  is  described  in.  another  part  of  the  work, 
is  an  endless  rope  with  stuffed  cushions  hung  upon  it,  which, 
by  means  of  two  wheels  or  drums,  are  caused  to  rise  in 
succession  in  the  same  barrel,  and  to  carry  water  with  them. 
From  the  resemblance  of  this  apparatus  to  a  string  of  beads, 
it  is  usually  called  paternoster-work.  But  in  this,  as  well  as 
the  chain-pump,  the  magnitude  of  the  friction  is  a  formidable 
practical  objection. 

6.  Jets  and  fountains  are  not  now  considered  as  conducive 
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^H  to  picturesque  beauty ;  nor  can  they  be  reckoned  of  mucfe 

^B  utility,  except  perhaps  in  hot  climates;  we  have  not  ihere^ 

^V  fore  described  any  in  this  work.     But  in  the  fountain  of  f/ifPI 

^^  of  Syracuse,  a  principle  ia  introduced  which  has  been   found.^ 

^K  of  great  utility  in  larger  works;    for  the  head  of  water 

^K  actually  lower  than  the  orifice,  but  the  pressure  is  commuDi-- 

^K  catcd  by  the  intervention  of  a  column  of  air :  the  construction; 

^K  of  this  fountain  is  as  foUowi 


It  consistB  of  ti 


1  vesach  K  L  M  N,  (fi§f.  313,)  and  O  P  Q  It,  wliich  a 
V  tube  A  B,  having'  a  funnel  ut  the  tup,  passfs  throu^  l| 
uppennoM  vessel  vitliout  comiountcaling  with  it,  being  soldered  into  Its  ti 
■nil  botluni.  It  also  passes  through  the  top  of  the  under  vessel,  where  il% 
likewise  soldered,  and  reaches  nlmoal  to  iti  bottom.  This  tnbe  if  C 
both  viids.  There  is  another  open  tube  S  T,  which  is  soldered  into  tl 
of  the  under  veisel  and  the  bottom  of  the  upper  vessel,  and  reaches  a 
to  its  top,  These  two  tubes  serve  also  to  support  the  upper  vessel. 
Ihlrd  tiihp  O  F  is  soldered  into  the  top  of  the  upper  vessel,  wid  read  . 
utmost  to  its  bottom.  This  tube  is  open  at  both  ends,  bul  the  oriiice  G.M  1 
very  Bmall.  Now  suppose  the  uppennuat  vessel  filled  with  water  to  tlie 
height  E  N,  E  e  bein;  its  suHiice  u  htllc  below  T.  Stop  the  orifice  G  wift 
the  (inger,  and  pour  io  water  at  A.  This  will  descend  through  A  B,  md 
compress  tlie  air  in  O  P  Q  R  into  less  room.  Suppose  the  water  in  thri 
under  vessel  to  have  acquired  the  surface  C  c,  the  air  which  farnMig 
occupied  the  whole  of  the  spaces  O  P  Q  It  and  K  L  «  E  will  now  be  con- 
lAined  in  the  spaces  o  P  e  C  and  K  L  «  E;  and  iU  elasticity  will  be  bl 
etiuilibrio  with  the  weight  of  the  column  of  water  whose  base  is  tile  miftcs 
G  f,  and  whose  height  is  A  e.  As  this  pressure  is  exerted  in  every  pwl  rf 
ihe  air,  it  will  be  cKerted  en  the  sui^ce  &  e  of  the  water  of  the  nppfX 
vesseli  and  if  the  pipe  F  G  were  contitined  upwards,  the  water  wouId'H 
'.iipported  in  it  to  a  height  e  H  above  E  e,  eiinal  to  A  t.  Therefore,  if  the 
liiiljer  bi^  now  liken  from  off  the  orifice  G,  the  tiuid  will  apnut  up  liirougfa 
I',  I'l  til.:  siinif  Ij-  n,tit  ;is  if  it  had  fulkn  thraii^li  a  tube  whose  altitude  is 
ea.  So  long  as  there  is  an;  water  in  the  vessel  KLMN  there  wiD  be  a 
c^sctui^e  ttirougb  the  oriiice;  therefore  the  play  of  the  fountain  will  cen- 
tinue  wtiilst  the  water  contained  in  the  upper  vessel,  having  spouted  ont, 
tails  down  through  tlie  pipe  AB:  the  height  of  the  water  measured  from 
the  basin  V  A  W  to  the  surface  of  the  water  in  the  lower  vessel  OPQR 
19  always  equal  to  the  height  measured  from  the  top  of  the  jet  to  the 
surface  of  the  water  in  the  vessel  K  L  M  N.  Now.  since  the  surface  Ee 
is  always  falling,  and  the  water  in  the  lower  vessel  always  rising,  the 
height  of  the  jet  must  continually  decrease,  till  it  is  shorter  bv  the  depth 
of  K  L  M  N,  whith  is  empty,  added  to  the  ilepth  of  OPQR,  which  is 
always  filling;  and  when  the  jet  is  fallen  so  low,  it  immediately  ceases  to 
play. 

7.  A  machine  designed  to  raise  water  to  a  great  height  for 
the  irrigation  of  land,  in  such  situations  as  have  the  advantage 
of  a  small  fall,  is  described  in  Dr.  Darwin's  Phytologia  :  as 
it  depends  on  the  principle  of  Micro's  fountain,  it  may  |M* 
perly  be  inserted  here. 

Fig.  211,0,4 
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4  e,  are  two  leaden  or  iron  vessels,  containing  a  certain  quantity  of  water, 
which  may  be  computed  to  be  about  four  {gallons  each. 

f*  8*  fh  h  ^  h  i^re  leaden  vessels,  each  holding*  about  two  quarts. 

Ot  Pi  two  cocks,  each  of  which  passes  throug^h  two  pipes,  opening  the  one 
and  closing  the  other. 

q^  r,  is  a  water»balance,  that  moves  on  its  centre  «,  and  by  which  the  two 
cocks  0  and  p  are  alternately  turned. 

/,  tiy  and  Wt  Xf  are  two  air-pipes  of  lead,  both  internally  li  inch  in  dia^ 
meter. 

y,  z/  y,  z;  y,  z:  are  water-pipes,  each  being  one  inch  in  diameter. 

The  pipe  \  e,  c,  is  always  full  from  the  stream  a,  b:  the  small  cisterns 
gf  i,  Ij  and  the  large  one  d,  are  supposed  to  have  been  previously  filled  with 
water.  The  fluid  may  then  be  admitted  by  turning  the  cock  o,  through  the 
pipe  Cf  e,  into  the  lar^e  cistern  e.  This  water  will  press  the  air  confined  in 
the  cistern  e  up  the  air-pipe  iv,  a?,  and  will  force  tlie  fluid  out  of  the  cisterns 
g,  i,  i,  into  those  marked  A,  Ar,  and  C. — At  the  same  time,  by  opening  B,  the 
water  and  condensed  air,  which  previously  existed  in  the  large  cistern  d, 
and  in  the  smaller  ones  marked  /,  A,  Ae,  will  be  discharged  at  B.  After  a 
•hort  time,  the  water-balance,  9,  r,  a,  will  turn  the  cocks,  and  exclude  the 
water,  while  it  opens  the  opposite  ones:  the  cisterns  /,  A,  Ae,  are  emptied  in 
their  turns  by  the  condensed  air  from  the  cistern  d,  as  the  water  progressively 
enters  the  latter  from  the  pipe  b,  e, 

8.  A  very  ingenious  application  of  the  same  principle  has 
been  made  in  the  celebrated  Hungarian  machine,  at  Chemnitz. 
The  best  account  we  have  been  able  to  obtain  of  this  is  the 
following : 

In  fig.  213,  A  represents  tlie  source  of  water  elevated  136  feet  above  the 
mouth  of  the  pit.  From  tliis  there  runs  down  a  pipe  D  of  four  inches  dia- 
meter, which  enters  the  top  of  a  copper  cylinder  B,  8^  feet  high,  5  feet  dia- 
meter, and  2  inches  thick,  and  reaclics  to  within  4  inches  of  the  bottom:  it 
lias  a  cock  at  I. 

This  cylinder  has  a  cock  at  Q,  and  a  very  large  one  at  N.  From  its  top 
proceeds  a  pipe  V  E  C,  two  inches  in  diamctc^,  which  goes  96  feet  down  the 
pit,  and  is  inserted  into  the  top  of  another  brass  cylinder  C,  which  is  6} 
feet  high,  four  feet  diameter,  and  two  inches  thick:  the  latter  containing 
about  Ho  cubic  feet,  which  is  nearly  one-half  of  the  capacity  of  the  former, 
viz.  170  cubic  feet.  There  is  another  pipe  F  O  of  four  inches  diameter,  which 
rises  from  within  four  inches  of  tlie  bottom  of  this  lower  cylinder,  is  sol- 
dered into  its  top,  and  rises  to  the  trough  Z  which  carries  off*  the  water  from 
the  mouth  of  the  pit.  This  lower  cylinder  communicates  at  the  bottom  with 
the  water  O,  which  collects  in  the  drains  of  the  mines.  A  large  cock  P  serves 
to  exclude  or  a(hnit  this  water:  another  cock  M  at  the  top  of  this  cylinder 
communicates  with  the  external  air. 

Now,  suppose  the  cock  I  shut,  and  all  the  rest  open:  the  upper  cylinder 
will  contain  air,  and  the  lower  cylinder  will  be  filled  with  water,  because  it 
is  sunk  so  deep  tliut  Its  top  is  below  the  usual  surface  of  the  mine-waters. 
Shut  the  cocks  Q,  N,  M,  P,  and  open  the  cock  1.  The  water  of  the  source 
A  must  run  in  by  the  orifice  J,  and  rise  in  the  upper  cylinder,  compressing 
the  air  above  it  and  along  the  pipe  V  E  C,  and  tlius  acting  on  the  surface 
of  the  water  in  the  lower  cylinder.  It  will  therefore  cause  it  to  rise  gradually 
in  the  pipe  O  F,  where  it  will  always  be  of  such  a  height  that  its  weight 
balances  the  elasticity  of  the  compressc  d  air.  Suppose  no  issue  given  to 
the  air  from  the  upper  cylinder,  it  would  be  compressed  into  one-fifth  of  its 
bulk  by  tlic  column  of  136  feet  highj  for  a   column  of  ,34  feet  nearly 
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Uklance*  the  cwJiniiry  elasticity  of  the  air.  Therefore,  v-hen  there  »  n 
IssHc  given  to  it  throag^li  the  pipe  V  E  C,  it  will  drive  the  coniprcncd  lir 
along  thia  pipe,  uul  it  will  expel  water  from  the  lonet  cylinder.  Mtm 
the  upper  cylinder  ii  full  of  water,  there  will  be  34  cubic  feet  of  witcr 
BjpeUed  from  tlie  lower  cylinder.  If  the  pip«  O  P  hkd  been  itiiwe  their 
13S  Icet  long,  the  water  would  hove  risen  136  feet,  bein^  then  in  equiUbrin 
with  the  water  in  the  feeding  pipe  U  by  the  intervention  of  the  clastic  mr, 
but  no  more  wii,ter  would  have  b«cn  eipcUed  from  the  lower  cylinder  tktt 
what  fills  this  pipe-  But  the  pipe  bciiip  only  96  feel  high,  the  water  wiB 
be  thrown  out  at  Z  with  a  coii»deralilti  vclocily.  If  it  were  not  f<m  tbe 
grtaX  obitructions  which  witter  and  air  must  meet  with  in  their  pMBp 
along  pipes,  it  would  issue  at  Z  with  a  velocity  of  more  than  50  icct  p«i 
•ccond-  It  issues  however  much  more  slowly,  and  at  last  the  upper  cj^naer 
is  fiill  of  walrr,  and  the  water  would  enter  the  pipe  V  E  and  enter  the  ioma 
cylinder,  and,  without  displacing  the  air  in  it,  would  rise  thTDUf[)i  the  ili» 
chai^ng  pipe  O  P,  and  run  off  to  waste-  To  prevent  this  there  bann  ia 
Ihc  pipe  V  E  a  cork  ball  or  double  cone,  by  a  brass  wire  which  is  guided  bj* 
holei  in  two  cross  pieces  in  that  pipe.  When  the  upper  cylinder  U  fiUoJ 
with  u'atcr,  this  cork  plugs  up  the  orifice  V,  and  no  water  is  wasted;  the  is- 
BuK  at  J  now  stops.  But  the  lower  cylinder  contains  compressed  air,  xrbich 
would  balance  water  in  a  discharging  pipe  136  feet  high,  wbereaa  OP  ■> 
only  96.  Therefore  the  water  will  continue  to  flow  at  Z  till  the  ait  haa  so  fa 
expanded  as  to  balance  only  96  feet  of  water,  tliat  is,  till  it  occupies  one- 
half  of  its  ordinary  bulk,  that  is,  one-fourth  of  the  capacity  of  the  upper  i^- 
lindcr,  or  43^  cubic  feet.  Therefore  i2i  cubic  feol  will  be  expelled,  andOe 
efflux  at  Z  will  cen^c;  and  the  lower  cylinder  is  about  one-h^fuU  of  water. 
WhcJi  tlic  attending  workman  observes  this,  he  shuts  the  cock  I.  Be  migbi 
have  done  this  before,  had  he  known  when  the  orifice  V  was  stopped: 
but  no  loss  ensues  (rota  tlie  delay.  At  (he  same  tisie  the  attendant  opeia 
the  cock  N  the  water  issues  with  great  violence,  being  preosed  by  die 
condensed  air  fivm  the  lower  cylinder.  It  therefore  issues  with  the  M 
of  its  own  weight  and  of  this  comprcs^on.  These  gradually  decrease  1p- 
gcllier,  by  the  efflus  of  the  water  and  the  expansion  of  tlic  niri  but  tioa  ef- 
Uiix  stopa  before  ail  the  water  has  flowed  out^  for  there  is  43)  feet  of  the 
lower  cylinder  occupied  by  air.  This  quantity  of  water  remains,  therefbir, 
in  theuppercylinder  nearly:  the  workman  knons  this,  because Ibe  (Esdks:;- 
•d  water  is  received  first  of  all  into  a  vessel  containing  three-fbiuths  of  the 
c^iBcity  of  the  upper  cylinder.  M'henever  this  is  filled,  the  attendant  opcfi* 
the  cock  F  by  a  long  rod  which  goes  down  the  sbaft;  this  allows  the  waterof 
the  mine  to  fill  the  loHcr  cylinder,  and  tlie  air  to  g'et  into  the  upper cyUnder, 
which  permits  the  remaiuing  watte  to  run  out  of  it.  Thus  every  thing  i» 
brought  into  its  first  condition;  and  when  the  attendant  sees  no  more  water 
come  out  at  K,  he  shuts  the  cocka  N  and  M,  and  opens  tlie  cock  I,  and  the 
operation  is  repeated. 

There  is  a  very  surpriling  appearance  in  the  working  of  this  engine.  When 
the  efflux  at  Z  has  atopped,  if  the  cock  Q  be  opened,  the  water  and  airru^ 
out  together  with  prodigious  violence,  and  the  drops  of  water  arc  changed 
into  hail  or  lumps  of  ice.  It  is  a  sight  usually  shown  to  strangerti,  who  are  de- 
sired to  hold  their  hats  to  receive  the  blasts  of  air;  the  ice  comes  out  with  such 
Tinlente  as  frequently  to  pierce  the  hat  like  a  pistol  bullet  This  rapid  cm- 
gelation  is  a  remarkable  instance  of  the  general  fact,  that  air  by  suddenly  u- 
paJiding  generates  cold,  its  capacity  for  heat  being  increased. 

The  above  account  of  the  procedure  in  working  this  engine  showt  tblt 
the  efflux  both  at  Z  and  N  becomes  vcrj-  slow  near  tlie  end.  It  ia  fteml 
contenicnt  tlicrefore  not  to  wait  for  the  complete  discharyeB,  but  li    '    ' 
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tbe  ooclai  when  abmit  30  cubic  feet  of  water  have  been  difcharged  at  2: 
more  work  U  done  in  this  way.  A  g^entleman  of  g^at  accuracy  and  know- 
ledge of  these  subjects  took  the  trouble  of  noticing  particularly  the  per- 
lioraance  of  the  machine.  He  observed  that  each  stroke,  as  it  may  be 
cilled,  took  up  about  three  minutes  and  one-eighth;  and  ihut  33  cubi^:  feet 
of  water  were  discharged  at  Z,  and  66  were  expended  at  N.  The  expense 
thei«fbre  is  66  feet  of  water  falling  136  feet,  and  the  performance  is 
32  raised  96,  and  they  are  in  the  proportion  of  66  X  136  to  32  X  96,  or  of 
1  to  0,3422,  or  nearly  as  3  to  1.  Tliis  is  superior  to  the  performance  of  the 
9iost  perfect  undershot  mill,  even  when  all  friction  and  irregular  obstructions 
are  neglected;  and  is  not  much  inferior  to  any  overshot  pump-mill  that 
haa  yet  been  erected.  When  we  reflect  on  the  great  obstructions  which 
water  meets  with  in  its  passa^re  through  long  pipes,  we  may  be  assured, 
that,  by  doubling  the  size  of  Uie  feeder  and  duscharger,  the  performance  of 
the  machine  will  be  greatly  improved;  we  do  not  hesitate  to  say,  that  it 
would  be  increased  one-third  i  it  is  true  that  it  will  expend  more  water; 
but  this  iiill  not  be  nearly  in  the  same  proportion,  for  most  of  the  deficient 
of  the  machine  arises  from  the  needless  velocity  of  the  first  efflux  at  i. 
The  discharginji^  pipe  ought  to  be  110  feet  high,  and  not  give  sensibly  less 
water.  Then  it  must  be  considered  how  inferior  in  original  expense  this 
simple  machine  must  be  to  a  mill  of  any  kind  which  would  raise  10  cubic 
feet  96  feet  hirii  in  a  minute;  and  how  small  the  repairs  on  it  need  be, 
when  compared  with  a  mill.  And,  lastly,  let  it  be  noticed,  that  such  a 
machine  can  be  used  where  no  mill  whatever  can  be  put  in  motion.  A 
nhall  stream  of  water,  which  would  not  move  any  kind  of  wheel,  will  here 
miie  one-tfaiid  of  its  own  quantity  to  the  same  height,  working  as  fast  as  it  is 
flipplied. 

For  these  reasons,  the  Hungarian  machine  eminently  de» 
serves  the  attention  of  mathematicians  and  engineers,  to 
bring  it  to  its  utmost  perfection,  and  into  general  use.  There 
dre  situations  where  this  kind  of  machine  may  be  very  use* 
ful.  Thus,  where  the  tide  rises  17  feet,  it  may  be  used  for 
compressing  air  to  seven-eighths  of  its  bulk;  and  a  pipe 
leading  from  a  very  large  vessel  inverted  in  it  mav  be  used 
for  raising  the  water  from  a  vessel  of  one-eighth  of  its  capa* 
city  17  feet  high ;  or  if  this  vessel  has  only  one-tenth  of  the 
capacity  of  the  large  one  set  in  the  tide-way,  two  pipes  may 
be  led  from  it,  one  into  the  small  vessel,  and  the  otner  into 
an  equal  vessel  16  feet  higher,  which  receives  the  water  from 
the  first.  Thus  one-sixteenth  of  the  water  may  be  raised  34 
feet,  and  a  smaller  quantity  to  a  still  greater  height ;  and  this 
with  a  kind  of  power  that  can  hardly  be  applied  any  other 
way.  Machines  of  this  kind  are  described  by  Schottus,  Stur- 
mius,  Leupold,  and  other  old  writers ;  and  they  should  not 
be  forgotten,  because  opportunities  may  oiTer  of  making  them 
highly  beneficial. 

9.  Mr.  John  Whitley  Boswell  has  devised  an  apparatus 
which  when  attached  to  such  a  machine  as  that  at  Chemnitz 
will  tenable  it  to  work  itself  without  attendance.   The  descrip* 
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I  of  this  will  be  presented  to  the  reader  ia  Mr.  Boawell'i  1 
a  words. 

ig.  313.   A  Is  the  reservoir,  Drupperlcrel  of  water. 

B,  n  chamber  made  ol*  iiiffieicnl  sirength  lo  bear  the  intemiT  pTesMir«  ef  > 
column  of  water  the  height  of  A  above  it,  Tnultiplicd  by  its  on'n  balc- 

C,  a  chamber  of  the  Mine  strength  as  B,  but  of  a  amiller  sue;  it  ia  placed 
alt  tlie  bottom  of  the  pit  from  which  the  wnter  is  to  be  raised,  and  under  the 
level  of  the  water. 

These  chunbers  would  be  itrnng^er  with  the  same  materials,  if  of  a  ^lobiJu 
at  cyhnilrical  form;  but  the  gquart  shape  ;9  used  in  the  drawing  merely  for  the 
Ikcilily  of  repri'Si'nting  the  position  of  tlie  part;. 

D,  B  pipe  from  the  reservoir  A  which  passes  through  Ihc  top  of  B  ■nd  cndi 
near  its  bottom,  lo  convcj  water  from  A  to  B. 

E,  >  pipe  from  the  top  of  B  lo  the  lop  of  C,  to  convey  air  from  B  to  C. 

F,  a  pipe  from  the  bottom  of  C  to  the  tccel  of  the  ground  at  the  top  of  the 
pit,  to  carry  oft'  the  water  from  the  pit. 

G,  a  pipe  from  the-  bottom  of  B  to  cany  off  tbe  water  from  it. 

H,  a  vessel  to  contain  llic  water  uaud  in  working  the  cocksj  it  U 
onl)'  placed  on  the  top  of  B  to  save  the  construction  of  ■  stand  on  purpose 

1,  a  coct,  or  moviblc  valve,  (worked  by  the  lever  there  represeoted,)  in 
the  large  pipe  U. 

K.  a  alop'Cock  in  the  small  pipe  which  conveya  water  from  D  to  U.  Its  ijM 
make  the  engine  work  faster  or  slower,  by  letting  water  more  or  Ictf 
;  into  Hi  or  to  stop  it  altogether  from  working  when  required. 
i  movable  valve,  or  cock  in  the  small  pipe  L  K.  The  lever  which  works 
oiiiiecicd  by  a  strong  wire  with  the  lever  which  works  I,  and  is  bjiUnctd 
weighi  at  Its  opposite  extremity,  lufBcient  to  open  both  these  cocks  •d4 
N,  when  not  prevented  by  a  counter  weight. 
IT,  a  cock  in  the  pipe  G  to  open  and  shut  it  as  wanted. 

O,  a  self-niON'ing  valve  in  the  pipe  F,  which  permits  the  water  to  pan  up. 
wards,  but  prevents  its  return. 

P,  a  selfmovinp  valve  at  the  bottom  of  C,  which  permits  the  water  to  pasi 
into  C|  but  prei  ents  any  from  paging  out  of  it^  it  ia  furnished  with  a  gratings 
to  prevent  dirt  getting  in. 

H,  a  vessel,  suspended  from  the  levers  of  1  and  L,  capable  of  contuning  a 
weight  of  water  sufficient  to  shut  them. 

S,  a  vessel  suspended  from  the  Irvcr  of  N:  it  must  contain  water  enoogt 
by  its  weight  to  open  N:  it  is  connected  by  a  chain  to  H,  to  keep  it  down  is 
long  as  N  IS  open. 

T,  a  syphon  passing  from  the  bottom  of  II,  near  its  upper  edge,  and  down 
again  to  the  mouth  of  R. 

V,  a  self-moving  valve  of  a  sufficient  levity  to  rise,  when  the  water  in  B 
comes  up  to  it,  and  c'ose  tUc  pipe  Ei  into  »  b'ch  no  waler  would  ei»c  pus 
from  B.     A  ball.cuck,  such  as  used  in  common  water  cisterns,  would  da 

X,  a  syphon  from  the  bottom  of  B  rising  within  an  inch  of  its  top,  andpu*- 
ing  down  again  to  the  mouth  of  S. 

Y,  a  small  pipe  at  the  bottom  of  S;  this  may  have  ■  stop-cock  to  regulate  i^ 
which,  when  Slopped,  will  also  stop  the  engine. 

The  mode  of  this  engine's  working  is  as  follows:  suppose  the  vessels 
V,  Hi  R,  and  S  empty  of  water,  and  the  cocks  K  and  Y  open,  and  the 
vessel  C  full  of  water.  The  weight  on  the  lever  of  L  will  then  open  the 
cocks  1.  and  If  oo  which  the  water  from  A  will  fiow  into  B  and  H-    As 
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llie  water  rifet  in  B,  it  will  force  the  tir  through  E  into  C»  whidi  ilroBgly 
pressing  on  the  water  in  C,  will  force  it  up  through  the  pipe  F,^  till  the  wm? 
ter  in  B  rises  to  the  level  of  V  and  closea  it,  at  which  time  H  will  be  foil  of 
water,  (the  quantity  flowing  in  being  to  regulated  by  the  cock  K,}  and  the 
water  will  flow  fi^m  it  through  the  syphon  T  into  the  Teasel  R,  wnich  as  It 
fills  shuts  the  cock  I  and  ht  and  prevents  any  more  water  coming  into  B  and 
H.  When  R  is  full,  the  water  flows  through  its  syphon  X,  which  fills  S,  and 
by  it  opens  N,  which  empties  B  of  water,  and  keeps  N  open  as  long  as  there 
is  any  water  in  H. 

When  H  is  empty,  B  will  be  to  too^  (being  so  regulated  by  the  cock  K,} 
on  which,  in  a  moment  or  two,  R  and  8  will  idso  be  empty,  which  will  cauae 
the  cocks  I  and  L  to  open,  and  all  things  will  be  again  in  the  state  fint  sup- 
posed, for  a  repetition  of  the  operations  described. 

To  stop  the  engine,  the  cocks  at  K  and  Y  should  be  shut,  while  8  is  foil 
of  water.  To  set  it  working,  they  should  be  open;  and  this  is  all  the  attend- . 
ance  it  will  require.  As  no  one  but  an  engineer  should  attempt  to  construct 
fluch  an  engine  as  this,  it  was  useless  to  represent,  the  manner  of  connecting 
the  pipes  by  flaches  or  otherwise,  or  the  proper  methods  of  fiuitening  and 
closing  the  parts,  which  are  well  known  to  such  as  have  made  this  art  their 
study. 

In  No.  5,  of  the  New  Series  of  Nicholson's  Journal,  Mr. 
Boswell  has  made  some  further  improvements  in  the  appUca- 
tion  of  the  Huo^rian  machine. 

10.  The  sfltral  pump  is  a  very  curious  hydraulic  engine, 
which  operates  on  nearly  the  same  principle  as  the  Hungarian 
machine.  The  first  engine  of  this  kind,  of  which  we  have 
seen  any  account,  was  invented  and  erected  by  H.  Andreas 
Wirtz,  a  tinplate-worker  of  Zurich,  at  a  dye-house  in  Limmat, 
ID  the  vicinity  of  that  city.  It  consists  of  a  hollow  cylinder, 
like  a  very  large  grindstone,  turning  on  a  horizontal  axis,  and 
partly  plunged  in  a  cistern  of  water.  The  axis  is  hollow  at 
one  end,  and  communicates  with  a  vertical  pipe.  This  cylin- 
der or  drum  is  formed  into  a  spiral  canal,  by  a  plate  coiled 
up  within  it  like  the  main  spring  of  a  watch  in  its  box;  only 
the  spires  at  a  distance  from  each  other,  so  as  to  form  a  con- 
duit for  the  water  of  uniform  width.  This  spiral  partition  is  • 
well  joined  to  the  two  ends  of  the  cylinder,  and  no  water  es- 
capes between  them.  The  outermost  turn  of  the  spiral  begins 
to  widen  about  three-fourths  of  a  circumference  from  the  end, 
and  this  gradual  enlargement  continues  nearly  a  semicircle, 
this  part  being  called  the  horn:  it  dien  widens  suddenly, 
forming  a  scoop  or  shovel.  The  cylinder  is  so  supported  that 
this  shovel  may,  in  the  course  of  a  rotation,  dip  several  inches 
into  the  water.  As  the  cylinder  turns  upon  its  axis,  the  scoop 
dips  and  takes  up  a  certain  quantiqr  of  water  before  it 
emerges  again.  This  quantity  is  sufficient  to  fill  the  horn ; 
and  this  again  is  nearly  equal  in  capacity  to  the  outermost 
uniform  spiral  round. 
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After  the  scoop  is  cmcrgeJ,  the  water  passes  along  the  spi- 
ral by  the  motion  of  it  round  the  axis,  and  drives  the  air  be- 
fore It  iuio  the  rising  pipe,  where  it  escapes.  In  the  mean 
time  air  conies  into  the  mouth  of  the  scoop ;  and  whcD  the 
scoop  again  dips  into  the  water,  it  again  lakes  in  some  of 
that  fluid.  Thus  there  becomes  a  part  filled  with  water,  and 
apart  filled  with  air.  Continuing  this  moiion.  a  second  round 
of  water  will  be  received,  and  another  of  air.  The  water  in 
any  turn  of  the  spiral  will  have  its  two  ends  on  a  level ;  and 
the  air  between  the  successive  columns  of  water  will  be  in  its 
natural  state ;  for  since  the  passage  inio  the  rising  pipe  or 
main  is  open,  there  is  nothing  to  force  the  water  and  air  into 
any  other  position.  But  since  the  spires  [jradiiaily  ciiminisb 
in  their  length,  it  is  plain  that  the  column  of  water  will 
gradually  occupy  more  and  more  of  the  circumference  of  each. 
At  last  it  will  occupy  a  complete  torn  of  some  spire  that  ii 
near  the  centre  ;  and  when  sent  further  in  by  the  continuance 
of  the  motion,  some  of  it  will  run  back  over  the  top  of  the 
succeeding  spire.  Thus  it  will  run  over  into  the  right-hand 
side  of  the  third  spire,  and  consequently  will  ppsh  the  water 
of  this  spire  backwards,  and  raise  its  other  end,  so  thai  it  will 
likewise  run  over  backwards  before  the  nest  rotation  be  com- 
pleted. At  length  this  change  of  disposition  will  reach  the 
outermost  spire,  and  some  water  will  run  over  into  the  horn 
and  scoop,  and  finally  into  the  cistern. 

But  as  soon  as  water  gets  into  the  rising  pipe,  and  rises  a 
little  into  it.  It  stops  the  escape  of  the  air  when  the  next 
scoop  of  water  is  taken  in.  Hence  there  are  then  two  columns 
of  water  acting  against  each  other  by  hydrostatic  pressure, 
and  the  intervening  column  of  air:  they  must  compress  the 
air  between  them,  and  the  water  and  air  columns  will  now 
be  unequal:  this  will  have  a  general  tendency  to  keep  the 
whole  water  back,  and  cause  it  to  be  higher  on  the  left  or 
rising  side  of  each  spire  than  on  the  right  or  descending 
side:  the  excess  of  height  being  just  such  as  produces  the  com- 
pression of  the  air  between  that  and  the  preceding  colunii) 
of  water.  This  will  go  on  increasing  as  the  water  mounts 
in  the  rising  pipe  j  fqr  the  air  next  to  the  rising  pipe  is  com- 
pressed at  its  inner  end  with  the  weight  of  the  whole  column 
in  the  main  :  and  it  must  be  as  much  compressed  at  its' 
outer  end,  which  must  be  done  by  the  water  column  without 
it;  and  this  column  exerts  this  pressure  partly  by  reason 
t>iat  its  outer  end  is  higher  than  its  inner  end,  and  partly  by 
the  transmission  of  the  pressure  on  its  outer  end  by  a' 
^ieh  is  similarly  compressed  from  without.     Thus  it  w 
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happen  that  each  column  of  water  being  higher  nt  'its  oater 
than  at  its  inner  end,  compresses  the  air  on  the  water 
column  beyond  or  within  it,  which  transmits  this  pressure  to 
the  air  beyond  tV,  adding  to  it  the  pressure  arising  from  iu 
own  want  of  level  at  the  ends.  Consequently,  the  greatest 
compression,  viz.  that  of  the  air  next  the  main,  is  produced 
by  the  sum  of  all  the  transmitted  pressures  i^  and  these  are  the 
sum  of  all  the  differences  between  the  elevations  of  the  inner 
rads  of  the  water  columns  above  their  outer  ends :  and  the 
height  to  which  the  water  will  rise  in  the  niain  will  be  just 
equal  to  this  sum. 

Sappoie  the  left-hand  spaces  of  each  spire  to  be  filled  with  water,  and 
the  nj^t-hand  spaces  filled  with  air,  as  is  shown,  in  regard  to  one  spire, 
in  fig.  314.  There  is  a  certain  gradation  of  compresnon  which  will  Keep 
thin|^  in  tins  position:  for  the  spaces  manifestly  decrease  in  arithmetical 
progressioni  and  so  do  the  hydrostatic  heights  and  pressures:  if^  therefore* 
the  air  be  dense  in  the  same  progression  all  will  be  in  hydroatatical  equiH* 
bzium.  Now  this  may  obviously  be  produced  by  the  mere  modon  of  the 
BSehine;  for  nnce  the  densn^  and  compresnon  in  each  air  column  ii 
«^poted  inversely  as  the  magnitude  of  the  cohunq,  the  quantity  of  ur  is 
the  same  in  all;  therefore  the  column  first  taken  in  wiu  pass  gradually 
inwarcU,  and  the  increanng  compression  will  cause  it  to  occupy  precisely 
the  whole  rirht-hand  of  every  spireJ  The  ^^radual  diminution  of  the  water 
columns  wilT  be  produced,  dunng  the  motion,  by  the  water  rynning  over 
backwards  at  the  top  from  spire  to  spire,  and  ultimately  coming  out  by  tlie 
scoop.  Since  the  hydrostatic  height  of  each  water  column  is  now  the 
greatest  possible,  viz.  the  diameter  of  the  spire,  it  is  evident  that  tliis  dispo- 
sition of  the  air  and  water  will  raise  the  water  to  the  greatest  height.  This 
disposition  may  be  obtained  thus:  let  C  B  be  a  yertical  radius  of  the  wheel, 
C  being  the  centre,  and  B  the  highest  point  [the  figure  may  easily  be  drawn] 
upon  C  B,  take  C  L  to  C  B,  as  the  density  of  the  external  air  to  its  density  in 
the  last  column  next  the  rising  pipe  or  main;  that  is,  make  G  L  to  C  B  as  34 
feet,  (the  height  of  the  column  of  water  which  balances  the  pressure  of  the 
atmosphere,)  to  the  sum  of  34  feet,  and  the  height  of  the  rising  pipe:  then 
divide  B  L  into  such  a  number  of  turns  that  the  sum  of  their  equal  diameters 
■ball  be  equal  to  the  height  of  the  main;  lastly,  bring  a  pipe  straight  flrom  Ij 
to  the  centre  C.  Such  is  the  construction  of  the  spiral  pump,  as  originally 
invented  by  Wirtz:  it  certainly  indicates  very  conuderable  mechanical  know- 
ledge and  sagacity. 

But  when  the  main  is  very  high  this  construction  will  require  eiAer  an 
enormous  diameter  of  tlie  drum,  or  many  turns  of  a  very  narrow  pipe.  la 
aadi  cases  it  will  be  much  better  to  make  the  spiral  in  die  form  of  a  cork- 
screw, than  of  this  flat  form  like  a  watch-spring.  The  pipe  which  fiwms 
tibe  spiral  may  be  wrapped  round  the  firustrum  of  a  cone,  whose  greatest 
diameter  is  to  the  least,  (which  is  next  to  the  luing  pipe,)  in  the  proportion 
just  assigned  to  C  B  and  C  L.  By  this  construction  the  water  will  so  stand 
in  every  round  as  to  have  its  upper  and  lower  surfaces  tangents  to  the  top 
and  bottom  of  the  spiral,  and  the  water  columns  will  occupy  the  whole 
Mcending  side  of  the  machine  while  the  air  occupies  the  descending  side. 
Tliis  fbrm  is  far  preferable  to  the  flat  form:  it  will  allow  us  to  employ  auuiy 
turns  of  a  large  pipe,  and  therefore  produce  a  great  elevation  of  a  Itfge 
qoantii^  of  water. 
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The  same  thing  will  be  still  bolter  accompHslicd  by  wrappinfr  the  pipe  aa 
a  cjliiidur,  and  mmkin^tt  gmdiially  Capirin^  to  the  end,  in  siifli  a  ouniiFr 
that  tiic  cuiitL-nta  uf  eacU  spire  may  be  tlie  »me  as  wlitn  ii  a  trapped  round 
the  cone.  It  will  mise  the  water  to  a  greater  height,  {though  ctKainlj  with 
kn  increoie  of  the  impeUing  power,)  by  the  bbihc  number  of  spires,  becatt*c 
the  vtrlical  or  prening  height  of  each  column  ia  greater. 

In  tliL-  preceding  description  of  this  muciiine,  tliat  coiiitruction  haa  been 
chosen  which  made  its  principle  and  manner  of  working  most  evident, 
ni^nii^ly,  that  which  cootiincj  the  same  malerial  quantity  of  air  in  each  tu^ 
of  the  spiral,  mor«  aixd  more  cornpreiwed  u  it  appronches  to  the  ruing  pipe. 
But  thii  IS  not  the  best  coitalructiDn:  for  we  see  that  in  order  to  nisc  water 
to  the  height  of  a  column  of  34  feet,  tlie  air  in  the  last  spire  ia  compressed 
into  half  itn  space  1  and  the  quantity  of  vrater  delivered  into  the  main  at  each 
turn  ii  but  half  what  waj  received  into  the  lirst  spire,  the  rest  Sowing  back 
(rorn  spire  to  spire,  and  being  discharged  at  the  spout- 
But  the  construction  may  be  such  that  the  quantity  of  water  in  each  spire 
may  be  the  same  that  was  received  into  the  first;  by  which  means  a  greater 
quantity,  (double  in  the  instance  nov  given,)  will  be  delivered  into  the  main, 
uid  nitsed  to  the  tame  altitude  by  very  nearly  the  mile  force.  Thia  may  Jj 
be  done  by  another  piuportion  of  the  capacity  of  the  spires;  either  bj  a 
change  of  their  calibre,  or  of  tlie  diameters  of  the  solid  on  which  they  arc 
folded.  Suppose  tlte  bore  to  be  uniform  throughout,  the  diameters  must  so 
vary  that  the  constant  colunin  of  walcr  and  the  column  of  air,  comprcuedt* 
the  proper  degree,  mu  Occupy  the  whole  circumference.  Let  A  be  tlie 
column  of  water  which  balances  the  prenure,  and  B  the  height  to  vhich  the 
water  is  to  be  raiaed.  Let  AbetoA  +  HiisItOfn.  Then  it  ia  plain  thai 
B»  will  represent  the  density  of  the  air  in'the  last  spire,  if  Ite  natural  density 
be  1,  bccniist;  it  is  pressed  by  the  column  A  +  II  while  the  common  air  is 
pressed  by  A.  Let  1  represent  the  constant  water  column,  and  consequent!} 
it  will  be  nearly  equal  to  the  air  column  in  the  first  spire: 

thon  the  uhole  circumference  of  the  lait  spire  must  he  1  +  - — ,  in  order  to 

hold  the  water  1,  and  to  oomprew  the  air  into  the  space  —  or  T~:'ii-  '^ 
circumference  of  the  first  spire  is  1  -}-  1  or  3  :  and  if  D  and  d  be  the  dia- 
meters of  the  first  and  last  spires,  we  have  2  :  1  H -.  iD  :  d,  oi  2  m  :  at 

•i-  I  : :  D  -.  d.  If,  therefore,  a  pipe  of  uniform  bore  be  wrapped  round  a 
conic  frustrum,  of  which  U  and  d  are  the  end  diameters,  the  spirals  will  be 
very  nearly  such  as  wilt  answer  the  purpose.  tl  will  not  be  guite  exact,  for 
the  intermediate  spirals  will  be  rather  too  large:  the  conoidal  frustrum  should 
in  strictness  I>e  lurmed  by  the  revolution  of  a  log:irithmic  curve.  With  such  a 
spiral  Ihc  full  quanti^  of  water  which  was  confined  m  the  first  spire  will  find 
room  in  tlte  last,  and  will  he  sent  into  the  main  at  everj-  rotation.  This  i*  a 
Tety  great  advantage,  especially  wlien  the  water  is  to  be  much  raised,  TTw 
laving  of  power  by  tliis  change  of  construction  is  always  proportional  to  the 
greatest  compression  of  the  air. 

The  chief  ditficuliy  in  any  of  these  forms  la  in  determining  the  form 
and  position  of  the  horn  and  the  scoop,  yil  on  this  the  performance  of  the 
machine  greatly  depends.  The  following  instructions  will  render  this 
tolernbty  easy.  Let  A  IS  Kf),  (fig.  21-t,)  represent  the  first  or  outermost  spire, 
of  which  the  aiis  is  C.  Suppose  the  m:ichine  immerged  up  to  the  axis  in 
the  water  whose  surface  is  V  V,  it  has  been  seen  lliat  it  is  most  effective 
when  the  surfaces  K  B  and  O  n  of  the  water  columns  are  distant  front  eack 
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other  the  whole  diameter  B  O  of  the  spire.  Let  therefore  the  jpipe  be  flnt 
conceived  of  equal  calibre  to  the  very  mouth  E  e,  which  we  suppoae  to  lie 
jtist  about  to  dip  into  the  water:  ^e  surface  O  n  is  kept  there  in  oppoatioQ 
to  the  prewure  of  the  water  column  B  A  O,  b^  the  compressed  air  contidiied 
in  the  quadrant  O  E,  and  in  the  quadrant  which  lies  behind  E  B:  and  thb 
compression  is  supported  by  the  columns  behind,  between  this  spire  and  the 
rising  pipe.  But  the  air  in  the  outermost  quadrant  E  B  is  in  its  natural 
state,  because  it  as  yet  communicates  with  the  external  air.  When,  how- 
i  ever,  the  mouth  E  e  has  come  round  to  A,  it  will  not  have  the  water 
atandia^^  in  it  in  the  same  manner,  leaving  the  half  space  B  E  O  filled  with 
compressed  air;  for  it  took  in  and  confined  only  wnat  filled  the  quadrant 
BE.  It  is  obvious,  therefore,  that  the  quadrant  B  £  must  be  so  riiaped 
as  to  take  in  and  confine  a  much  grater  quantity  of  airi  so  that  when  it 
has  come  to  A,  the  space  B  E  O  may  contain  air  sufficiently  dense  to  sap- 
port  the  column  AO.  But  this  is  not  enough:  for  when  the  wide  mouth 
now  at  A  V  rises  up  to  the  top,  the  surface  of  the  water  in  it  rises  also, 
because  the  part  A  O  o  a'  is  more  capacious  than  the  part  of  uniform  bore 
O  E  e  0  that  succeeds  it,  and  that  cannot  contain  all  the  water  which  it 
previously  held.  Since  then  the  water  in  the  spire  rises  above  A,  it  witt 
press  the  water  back  from  O  n  to  some  other  position  m'  n',  and  the  pressing 
height  of  the  water  column  will  be  diminished  by  this  rimng  on  the  other 
ride  of  O.  Hence  it  will  appear  that  the  horn  must  begin  to  widen,  not 
from  B»  but  from  A,  and  must  occupy  the  whole  semicircle  ABE;  while 
its  capacity  must  be  to  the  capacity  of  the  opposite  side  of  uniform  bore  as 
the  sum  of  B  O  and  the  height  of  a  column  of  water  which  balances  the 
atmosphere  to  the  height  of  that  column:  for  then  the  air  which  filled  it 
when  of  the  common  density  will  fill  the  uniform  side  B  E  O,  when  com- 
pressed so  as  to  balance  the  vertical  column  B  O.  But  even  this  is  not 
sufficient:  for  it  has  not  taken  water  enough.  When  it  dipped  into  the 
cistern  at  E  it  carried  air  down  with  it,  and  the  pressure  of  the  water  in  the 
cistern  caused  that  fluid  to  rise  into  it  a  little  way;  and  some  water  must 
have  come  over  at  B  from  the  other  side,  which  was  drawing  nairower. 
When,  therefore,  the  horn  is  in  the  position  E  O  A  it  is  not  full  of>  water: 
consequently,  when  it  comes  into  the  situation  O  A  B  it  cannot  be  foil,  nor 
can  it  balance  the  air  on  the  opposite  mde.  Hence  some  will  come  out 
at  O,  and  rise  up  through  the  water.  The  horn  must  therefore  extend  at 
least  from  O  to  B,  or  occupy  half  the  circumference;  and  it  must  contain  at 
least  twice  as  much  water  as  would  fill  the  side  B  E  O.  Nay,  if  it  be 
much  larger,  there  may  be  no  disadvantage;  because  the  surplus  of  ur 
which  it  takes  in  at  E  will  be  discharged  as  the  end  £  e  of  the  horn  rises 
from  O  to  B,  and  it  will  leave  the  precise  quantity  that  is  wanted.  The  over- 
plus water  will  be  discharged  as  the  horn  comes  round  to  dip  again  into  the 
cistern. 

We  must  also  secure  the  proper  quantity  of  water.  When  the  machine  is 
so  much  immersed  as  to  be  up  to  its  axis  in  water,  the  capacity  which  thus 
secures  the  proper  quantity  of  air  will  also  take  in  the  proper  quantity  of  wa- 
ter. But  it  may  be  erectea  so  as  that  the  spirals  shall  not  even  reach  the  wa- 
ter; and  in  this  case  it  will  answer  the  purpose  if  a  scoop  or  shovel  be  joined 
to  the  horn,  and  so  formed  as  to  take  in  at  least  as  much  water  as  will  fill  the 
horn.  This  is  all  that  is  wanted  in  the  beginning  of  the  motion  along  the  spi- 
ral, and  more  than  is  necessary  when  the  water  has  advanced  to  the  succeed- 
ing spire;  but  the  overplus  is  discharged  in  the  way  just  mentioned.  The 
scoop,  it  should  be  observed,  must  be  very  open  on  the  side  next  the  axis, 
that  It  may  not  confine  the  air  as  it  enters  the  water;  for  this  would  hinder  it 
from  receiving  enough  of  that  fluid. 
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11.  Desaguliera  describcB,  In  the  second  volume  of  hii 
,  Experimental  Phikaophtj,  a  very  simple  contrivance  lo  raise 
water,  which  is  this:  to  one  end  of  a  rope  is  fixed  a  large 
bucket,  having  a  valve  at  its  bottom,  opening  upwards  i  to 
the  other  end  is  fastened  a  square  frame,  and  the  cord  is 
made  to  pass  over  two  pulleys,  each  of  about  15  inches 
diaini-tcr,  (and  fixed  in  a  h or izootal  plane,)  in  such  a  maaoer  • 
that  an  the  bucket  descends  the  frame  ascends  with  equal 
velocity,  and  vke  vrrsd.  The  frame  is  made  to  run  freely 
upon  four  vertical  iron  guide-rods  passing  through  holes  at 
its  four  corners  ;  and  when  the  bucket  is  filling  with  water  at 
the  well,  the  frame  stands  at  the  horizontal  plane  to  which 
the  water  t«  to  he  raised  ;  when  the  bucket  is  full  a  man  steps 
Upon  the  frame ;  (his  weight,  together  with  that  of  the  frame, 
exceeding  the  weight  of  the  vessel  and  its  contained  water;) 
this  gives  an  ascending  motion  to  the  bucket,  and  causes  the 
valve  in  its  bottom  to  close.  When  the  bucket  is  raised  to 
the  proper  hcigiit,  a  hook  fixed  there  catches  into  a  hasp  at  the 
side  of  the  bucket,  turns  it  over,  and  causes  it  to  empty  its 
water  into  a  trough  which  conveys  it  where  it  is  required :  at 
this  time  the  man  and  the  descending  frame  have  arrivedata 
platform  which  prevents  their  further  descent,  where  the  man 
remains  till  he  finds  the  bucket  above  is  empty  ;  when  he  steps 
Iron)  the  frame,  and  runs  upafiight  of  stairs  to  the  place  from 
WW  which  he  descended:  the  bucket,  in  the  mean  while,  being 
1  somewhat  heavier  than  the  frame,  descends  to  the  water,  and 

raises  the  frame  to  its  original  position.  Thus  the  work  is 
continued,  the  man  being  at  rest  during  his  descent,  and  la- 
bouring in  the  ascent. 

Dcwfriilitrj  f  niployed  in  thii  kind  of  work  a  "  totvrn  drmoer,"  who  weifll- 
cd  16iUhs.  whom  he  deured  to  go  up  *ndilown  forty  steps  of  6|incl>ea  each, 
(in  »H  »boiH  J-  fc*l.)  »t  the  s»me  rite  he  would  pi  up  »nd  down  all  day.  He 
'Went  <ip  anil  dnwn  twice  in  a  minuter  so  that,  a]k>«in|;  the  bucket  with  a 
■  qiiirtcr  of  a  hogshead  in  il  lo  weigh  140  lbs.  he  ii  able  to  raise  it  up  thimffa 
33  feet  twice  in  a  minute:  this  Desaguhers  estimates  as  equivalent  to  a  whcJe 
hogshead  raised  1 1  feet  in  a  ntinuie,  and  rather  exceeds  what  he  has  angned 

This  machine  is  in  many  cases  not  only  the  most  »inp1e,  but  the  kM 
Ibat  can  be  devi*edi  yet  it  is  one  that,  without  due  precautions,  is  likely  lo 
be  a  verv  bad  one.  The  frame  on  which  the  maa  steps  must  be  br«ug:ht  DP 
lo  its  ptacF  sgain  by  ■  preponderance  in  the  machine  when  unloaded:  it 
should  arrive  precisely  at  the  same  lime  with  the  man;  but  it  may  anire 
sooner  or  later.  If  sooner,  il  is  of  no  use,  and  wastes  power  in  runw  a 
counlcrpoLse  which  is  needlessly  heavy,  or  in  fact  less  water  is  elevated  £■ 
the  man  is  able  to  clevaif  if  luier  there  is  a  toss  of  lime.  Hence  the  pcfv 
tection  of  this  tru'y  siniple  machine  requires  the  judicious  combination  ol 
two  inaiimums,  each  of  which  vwics  in  a  ralio  compounded  of  Ino  other 
i»1io*.     It  «ril1  not  be  ddfisull,' faowcTCT,  lo  adjust  uie  pmpanions  of  the 
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weigbtof  the  bucket  aod  that  of  the  frune:  fbr  if  B  denote  the  weight  of 
the  bucket,  F  that  of  the  frame,  and  ^  die  force  neceaaaiy  io  overcame.  Afen 
IHction  and  the  inertia  of  the  pulleys,  g  denoting  32  1-oth  feet,  t  the  tiiiie 
c»ccupied  in  walking  up  the  tteps,  and  9  the  apace  ascended  or  deseeiiieds 
then  must  B  and  F  be  so  adjusted  as  to  satisfy  the  following  equation, 
viz.  , 

B  +  F  +  t^^ 
If  there  be  a  spring  afTorcfing  but  a  small  quantity  of  water,  or  having  btft 
a  smll  faU,  it  is  posnble  by  the  loss  of  some  of  the  water  to  raise  the  rest  to 
aapply  a  gentleman's  seat,  or  any  pbu;e  where  it  is  wanted;  but  in  a  le« 
quantity  tlum  what  runs  wiste,  if  the  place  to  which  the  water  is  to  be  nuoed 
ia  higher  than  the  spring  or  reservoir  from  which  the  water  falls.  Schottos 
long  af^o  contrived  an  engine  for  this  purpose:  but  the  first  who  ptit  such  a 
thing  in  execution  was  Gironimo  Finugio,  at  Rome,  in  1616;  and  the  first  in 
tlna  country  was  George  Genres,  a  carpenter,  who,  in  tbp  year  1725,  erected 
an  engine  called  the  Multiplying  wheel  Bucket-engine,  at  the  seat  of  Sir 
John  Chester,  at  Chichley,  in  Bucking^mshire.  Tm§  engine  was  much  ap« 
proved  by  Sir  Isaac  Newton,  Dr.  Desaguliers,,  and  Mr.  Beiriitgn,  and  waa 
certainly  very  ingenious.  The  water  firom  a  spring  descended  in  a  large  buc- 
Icct  hanging  by  a  cord  from  an  axle,  while  a  smaller  quantity  was  rais^  from 
the  same  place  by  a  cord  hanging  from  a  wheel  on  me  same  axle:  a  fly  and 
other  regulating  apparatus  were  added,  to  make  the  engine  work  Itself,  whidi 
it  did  for  many  years  without  being  out  of  order.  As  •  whole,  however,  the 
contrivance  is  complex;  and  we  are  not  aware  that  any  other  engines  of  the 
same  Idnd  have  been  erected.  A  description,  with  a  plate. may  be  seen  in 
tteaagulien'  second  volume. 

12.  Mr.  H.  Sarjeant,  of  Whitehaven,  contrived  a  very  cheap 
engine  for  raising  water,  for  which  the  Society  for  the  En- 
couragement of  Arts  awarded  him  a  silver  medal  in  the  year 
1801.     A  sketch  of  this  simple  invention  is  given  in  fig.  215. 

This  eng^e  was  erected  at  Irton-ball,  which  is  situated  on  an  ascent  of  60 
or  61  feet  perpendicular  height:  at  the  foot  of  this  elevation,  about  14fO  yarda 
distant  from  the  offices,  there  runs  a  small  stream  of  water;  and,  in  order  to 
procure  a  constant  supply  of  that  necessary  fluid,  the  object  was  to  raise  such 
stream  to  the  house  for  culinary  or  domestic  uses.  With  this  view,  a  dam  waa 
formed  at  a  short  distance  above  the  current,  so  as  to  cause  a  fall  of  about  four 
feets  the  water  was  then  conducted  through  a  wooden  trough,  into  which  n 
piece  of  leaden  pipe,  two  inches  in  diameter,  was  inserted,  and  part  of  which 
IS  delineated  at  A. 

l*he  stream  of  this  pipe  is  directed  in  such  a  manner  aa  to  run  into  the 
backet  B,  when  the  latter  is  elevated;  but,  as  soon  as  it  begins  to  descend, 
the  stream  passes  over  it,  and  flows  progressively  to  supply  the  wooden  trough 
or  well,  at  tiie  foot  of  which  stands  the  forcing-pump  C,  being  three  inches 
in  ^ameter. 

D  is  an  iron  cylinder  attached  to  the  pump-rod,  which  passes  through  it: 
such  cylinder  is  filled  with  lead,  and  weighs  about  240  pounds.  This  power 
works  the  pump,  and  forces  tlie  water  to  ascend  to  the  house  through  a  pipe 
one  inch  in  diameter,  and  which  is  420  feet  in  length. 

At  E  is  fixed  a  cord,  which,  when  the  bucket  approaches  to  within  four  or 
£Te  inches  of  its  lowest  projection,  extends,  and  opens  a  valve  in  the  bottom 
viihe  vessel  through  wliich  the  water  Is  dischorg^ed. 

An  engine  in  a  great  degree  similar  to  this  waa  erected  some  yean  ago 
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hy  the  Ute  James  Speddin^,  £hi.  fur  >  lead  mine  near  Keiwick,  wiUi  Ute 
tdditjon  of  &  inutlcr  bucket  which  emptied  itself  into  the  larger  neu  tbe 
begiiinilig  of  ils  descent,  without  wliicli  addition  it  wu  found  that  the 
beuB  only  acquired  a  lihiatory  motion,  without  nuking  a  full  and  effectirr 

1'o  answer  thii  purpose  in  a  more  simple  way,  Hr.  Sarjeant  constructed 
the  Biuall  engine  in  such  nunner  ta  to  finish  its  stroke,  (apeaking  of  the 
bucket  end,]  when  the  beam  comel  into  a  horizontal  position,  or  a  little 
below  it.  By  this  means  the  lever  is  virtually  lengthened  in  iU  desoent 
in  tjie  proportion  of  the  mliuB  to  the  cosine,  of  about  thirty  degrees,  or 
as  seven  to  six  nearly,  and  consequently  its  power  is  increased  in  an  equal 
proportion. 

It  is  evident  that  llic  opening  of  the  valte  mif^ht  have  been  efTectedi  per- 
haps better,  by  a  projecting  pin  at  the  bottom;  but  Hr.  S.  chose  to  give  an  ex- 
act description  of  the  engine  3S  it  stands.  It  has  now  been  some  years  in  tue, 
and  completely  answers  the  purpose  intended. 

The  only  arti6ceTi  employed,  except  the  plumber,  where  a  country  black- 
amilh  and  carpentcri  and  the  whole  cost,  exclusive  of  the  pump  and  pipes. 
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a  letter,  dated  IFhitehaven,  April  28,  1801,  Mr.  Saijeant  observes 
that  the  pump  requires  about  18  gallons  of  water  in  the  bucket  to  raise  the 
GOURtcr-weigbt,  nnd  make  a  fresh  stroke  in  the  pumpi  but  it  makei  tliree 
strokei  in  a  minute,  and  gives  about  a  lialf-gaUon  into  the  cistern  at  each 
stroke.  He  adils,  >■!  speak  of  what  it  did  in  Uie  tlriest  pari  of  last  aunmier-. 
when  it  supplied  a  lai^i  family,  together  wiih  work-people,  kc.  «-ith  water 
for  all  purposes,  in  a  aitualiiin  whire  none  iraa  tn  be  had  before,  except  some 
bad  water  from  a  common  pump,  which  lias  been  since  reiuoved.  But  the 
above  Hupply  being  more  tlian  luflicieni,  the  machine  is  occasionally  stopped 
to  prevent  wear,  which  is  done  by  merely  casting  off  the  string  of  tlie  buckel- 
t-alve." 

13.  Mr.  Benjamin  Detirijorn  1ins  contrived  an  hydraulic 
engine  which  may  be  conveniciiily  added  to  a  common  pump, 
and  thereby  renders  it  useful  in  further  elevaUDg  water,  aod 
particularly  in  extinguishing  (ires:  the  foUowing  description 
of  his  apparatus  is  extracted  from  the  Memoirs  of  the  Amtrican 
Academy. 

Fig.  216.  A,  B,  C,D,  represents  a  pump,  the  form  of  which  is  umllarto  thai 
of  the  pumps  commonly  employed  on  ship-board. 

B,  the  spout. 

P,  a  stopper. 

D,  d,  a  piank-c.ip,  that  is  fitted  to  the  ])ump,  and  provided  with  leather  on 
its  lower  surface,  being  secured  by  the  screws  a,  b:  in  the  centre  is  a  hole, 
through  which  the  spear  of  tlic  pump  passes,  and  round  which  a  leather  collar 
is  made,  as  represented  at  the  letter  c. 

g,  a  nut  for  the  screw  b. 

/,  a  square  piece  of  wood  that  is  nuled  across  one  end  of  the  plank- 
cap,  through  both  whicli  the  screw  a  is  introduced:  a  hole  is  made 
through  such  piece  and  the  cap  that  communicates  with  tlie  bore  of  the 
pump. 

G,  G,  a  wooden  tube,  which  may  be  of  any  requisite  length,  and  coniisi 
of  any  number  of  joints!  it  is  made  square  -it  the  lower  extremity,  and  per- 
forated for  the  reception  of  the  cockt  the  upper  end  being  made  with  a  n(c« 
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^  e,  a  VDoden  cock  that  cpenB  or  ihutB  the  comiDuiiicttdon  between  the  ppmp 
and  the  tube,  beings  ftumuied  on  the  oppodte  tide  with  a  handle  and  with  a 
kckt  in  case  it  should  be  found  necessafy. 

A,  Ay  are  two  fernlea,  the  object  of  which  if  to  prevent  the  tube  frpsn 
splitting^. 

Hy  Hy  braces,  each  of  which  ought  to  be  crossed  over  another,  as  nearijr  at 
light  angles  as  possible. 

•^  f,  sre  irons  in  form  of  a  staple,  which  surround  the  tube,  and  pass  through 
the  bnsea;  their  ends  being  perfiHWted  with  holes  for  fore-locks. 

K,  I^  M,  N,  ia  a  head  made  of  five  nieces  of  wood;  A^  4  ^  *>»  ^  square 
piece,  in  the  lower  part  of  which  is  a  hole  for  the  reception  of  ^e  extremity 
of  ^e  tube,  and  which  piece  rests  on  the  shoulder  o»  p:  to  the  lower  end  of 
thb  head  is  nailed  a  piece  of  leather,  with  a  hole  in  its  centre,  similar  to 
that  made  in  the  wood.  Another  piece  of  .leather  of  the  same  form  is 
placed  on  the  top  of  the  tube,  and  between  both  is  a  circle  of  tlun  plate- 
masf  the  two  pieces  of  leather  and  the  brass  being  pressed  between  the 
Wwer  end  of  the  head  and  the  shoulder  of  the  tube.  Their  edges  are  deli- 
neated, at  Of  p. 

K,  N,  and  L.,  H,  are  the  edges  of  two  pieces  of  plank,  of  a  similar  width 
with  the  head,  to  which  they  are  closely  nailed,  each  being  provided  with  a 
tenon,  that  passes  through  a  mortice  in  the  end  of  the  piece  O,  P:  both  tenons 
have  holes  rar  a  fore-lock  at  9. 

O,  P«  a  piece  of  plank  of  the  same  width  as  the  sides;  the  centre  of  whidi 
is  perfofaled,  in  order  that  the  tube  may  pass  through;  and  in  each  end  of 
which  is  a  mortice  for  the  reception  of  the  tenons. 

V,  M,  a  cap. 

r,  r,  are  two  pieces  nailed  to  the  side  of  the  tube^  the  lower  extremity  of 
each  la  providea  with  a  truck,  with  a  view  to  lessen  the  friction  of  the  head 
in  its  horizontal  revolution. 

Jf  q,  represent  fore-locks,  the  design  of  which  is  to  listen  down  the  head, 
i  prevent  the  water  from  escaping  at  the  joint  o,  v, 

Q,  B,  is  a  wooden  conductor:  the  extremity  marked  with  the  letter  Q  be- 
ing solid,  while  the  opposite  end,  R,  is  bored  with  a  small  auger. 

Bt  a  bolt  tliat  passes  through  the  conductor  and  head,  and  being  secured  on 
the  back  with  a  fore-lock  or  nut:  this  bolt  is  rounded  near  the  head,  and 
square  in  the  middle. 

/,  u,  to^  x,  represents  a  piece  of  iron  or  brass,  designed  to  prevent  the  head 
of  the  bolt  from  wearing  mto  the  wood. 

S,  8,  are  ropes  for  the  direction  of  the  conductor. 

Ilg.  317  represents  the  head  without  such  conductor. 

a,\efd^iBfk  thick  brass  plate,  the  centre  of  which  is  perforated,  so  as  to 
admit  a  passage  to  impurities,  that  might  otherwise  obstruct  the  conductor: 
few  which  purpose  a  piece  of  leather  is  nailed  under  it  to  the  head.  The  square 
hole  in  the  centre  is  adapted  to  the  uze  of  the  bolt,  which  it  prevents  from 
.  tamiii|^.  The  conductor  has  a  hollow  cut  round  the  bolt  on  the  inside,  of  the 
same  size  as  the  circle  of  boles  in  the  brass;  round  such  cavity  is  nailed,  on 
the  foce  of  the  confhctor,  a  piece  of  leather,  that  plays  on  the  margin  of  the 
brass  plate  when  the  conductor  is  in  motion. 

In  Uie  conclumon  of  his  memoir,  Mr.  Dearborn  observes,  that  he  has  raised 
a  tube  of  30  feet  on  his  pump;  and,  though  the  severity  of  the  season  had 
prevented  him  from  completing  it,  so  that  one  person  only  could  work  at 
the  brake,  yet  he  is  enabled  to  throw  water  on  a  contiguous  building,  the 
nearest  part  of  which  is  37  feet  from  the  pump,  and  between  30  and  40  feet 
in  height. 

14.  Archmtdci*  ScreWj  or  the  Spiral  Pump,  or,  as  it  is  call- 
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ed  in  Germany,  the  Water-snail,  is  a  machine  for  the  raising 
of  water,  first  invented  by  Archimedes. 

Its  structure  and  use  will  be  understood  by  the  following 
description  of  it. 

Fi^.  318.  X,  D,  C,  D,  is  a  wheel,  which  is  turned  round,  iccoiding  to  the 
order  of  the  Iclten,  by  the  (all  of  WBler  E  P,  which  need  not  be  mure  that) 
three  teet.  The  axle  G  of  the  wheel  is  elevated  aatsta  make  in  angle  tt 
about  W,  or  between  +5"  and  60°,  with  the  horizon;  and  on  the  top  of  that 
axle  ia  a  wheel  U,  wlilch  turns  Kuch  another  wheel  I  of  the  ume  numlter  of 
teethj  the  axle  K  of  this  lost  wheel  being  panllcl  to  the  >jUe  G  of  the  two 
former  wheels.  The  axle  G  is  cut  into  a  double-tlireuled  screw,  Gg.  319,  ex- 
nctly  resembling  the  (crew  on  the  axis  of  the  fly  of  a  common  Jiick,  which 
must  be  what  Is  callvd  a  right-baiKled  iicrew,  like  the  wovd  screws,  if  the  fint 
wheel  tarns  in  the  direction  A  B  C  Di  but  it  must  he  a  Icft-fauideil  screw,  if 
the  stream  turns  the  wheel  the  contrary  way^  and  the  acrew  on  the  axle  t> 
must  be  cut  in  a  contrary  way  to  that  on  the  axle  K,  becauae  these  axlea  turn 
in  contwry  direction*. 

Theae  screws  must  be  covered  close  over  with  boards,  like  those  of  a  cylin- 
drical caski  and  then  tliey  will  be  spiral  tubes.  Or  they  may  be  made  of  tubes 
of  stiff  leather,  and  wrapped  round  the  axles  in  shallow  grooves  cut  thcrean, 
a9  fig.  S20.  The  lower  end  of  the  axle  G  turns  constantly  in  tlic  stream  that 
turns  the  wheel,  and  the  towM  ends  of  tbe  spinil  tubes  arc  open  unto  the 
water.  So  tliat,  as  the  wliecl  and  axle  are  turned  round,  the  water  i-ises  in  tbe 
spiral  lubes,  and  runs  out  at  Q,  through  the  holes  HN,  as  they  come  about 
below  the  axle.  These  boles,  of  whi^  there  may  be  an^  number,  aafonrDr 
six,  in  a  broad  cloae  rin^  on  the  top  of  the  axle,  into  which  ring  the  water  is 
delivered  from  the  upper  open  ends  of  the  screw  tubes,  and  ^U  into  the  open 
box  N.  The  lower  end  of  the  axle  K  turns  on  a  gudgeon,  in  the  water  N;  and 
the  spind  tubes  in  that  axle  take  up  the  water  Irom  N,  atid  deliver  it  into  aiK 
other  such  a  box  under  the  top  of  K;  on  which  there  may  be  «urh  another 
wheel  as  1,  to  turn  ;i  third  axle  by  such  a  wheel  upon  it.  Ami  in  this  manner 
water  may  be  raised  to  any  given  height,  where  there  is  a  stream  tuJEicient 
for  that  purpose  to  act  on  the  broad  float-boards  of  the  first  wheeL 

15.  Another  kind  of  engine,  called  the  Pretntre  Engine, 
several  of  which  have  been  lately  erected  in  different  parts 
of  the  country,  is  used  for  raising  water  by  the  pressure  and 
descent  of  a  column  enclosed  in  a  pipe.  The  principle  was 
Arst  adopted  in  France,  in  some  machinery  erected  about 
1731,  and  is  described  by  Belidor,  in  hia  Arch.  Hydraul.  lib. 
iv.  ch.  1.  But  the  engine  we  are  now  going  to  describe  is  the 
invention  of  Mr.  Trevithcck,  who  probably  was  not  aware  that 
one  of  a  similar  nature  had  been  before  attilnpted.  It  was 
erected  about  thirty  years  ago  at  the  Druid  Copper-miqe,  in 
the  parish  of  lllogan,  near  Truro. 

A  section  of  it  is  given  in  Fig.  221 . 

A  B  represent  a  pipe  six  inches  in  diameter,  through  which  water  desccDdl 
from  the  head  to  the  place  of  its  delivery  to  run  off  by  an  adit  at  S,  throiirii 
a  fall  of  34  fathoms  in  the  wholej  that  is  to  say,  in  a  close  pipe  down  tM 
slope  of  a  hill  300  fathoms  long,  with  36  fathoms  bll,  then  peipendicuhriy 
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six  &Siimn»  till  it  anivet  at  B,  and  thence  tbnmg^h  the  engine  firom  B  to  8 
two  ficthoms.  At  the  turn  B  the  .water  enters  ipto  a  chamber  €»  tie  lower 
ptft  of  which  temunateain  two  ImiM  cylinders,  ibar  inches  in  diameter;  in 
«diich  two  plugs  or  pistons  of  lead,  D  and  £»  aie  cmble  of  nkmng  up  and 
down  by  their  piston-rods,  which  pass  through  a  Mpe  pacUng  aboTe,  and 
are  attached  to  the  extremities  of  a  chain  leaoung  oWjuld  praperijr  attached 
to  the  wheel  Q,  so  that  it  cannot  slip. 

The  leaden  pipes  D  and  E  are  cast  in  their  places,  and  have  no  ppfjkimy 
whaterer.  They  move  very  easily;  and  if  at  any  time  they  should  Mcqtoe 
loose,  they  may  be  spread  out  by  a  few  blows  with  a  proper  instrdment, 
without  talcing  tifem  out  of  their  place.  On  the  sides  of  the  two  brksa  cyltn* 
ders  in  wtaA  D  and  £  move,  there  are  square  holes  commonicating  towuds 
P  and  Oj^  iriddi  is  a  horizontal  tmnlc  or  square  pipe,  four  inches  wide  and 
three  inches  deep.  All  the  other  pipes  G,  G,  and  K,  are  six  inches  in  (^me- 
terf  except  the  principal  cylinder  wherein  the  piston  H  moves;  and  this  cylin- 
der is  ten  inches  in  diameter,  uid  admits  a  nine-foot  stroke,  though  it  is  here 
delineated  as  if  the  stroke  were  only  a  three-foot. 

Hie  piston-rod  works  through  a  stufflng-box  above,  and  b  attached  to 
M  N,  wnich  is  the  pit-rod,  or  a  perpendicular  piece  divided  into  two^  so  as  to 
allow  its  alternate  motion  up  and  down,  and  leave  a  space  between,  without 
toseUng  the  fixed  apparatus  or  great  cylinder.  The  pit-rod  is  prolonged 
down  into  the  mine,  where  it  is  employed  to  work  the  pumps;  or  if  the 
engine  were  applied  to  mill-work,  or  any  other  use,  this  rod  wcmld  fbnn  the 
conmmnieation  of  the  first  mover. 

K  I>  ia  a  tumbler,  or  tumbling-bob,  capable  of  being  moved  on  the  gud- 
mm  y,  from  its  present  position  to  another,  in  wlucti  the  weight  L  shall 
bang  over  the  same  inclination  on  the  opposite  side  of  the  perpendicular, 
and  eonseqnently  the  end  K  will  then  be  as  much  elevated  as  it  is  now 
depressed. 

The  pipe  R  S  has  its  lower  end  immersed  in  a  cistern,  by  wMch  means  it 
delivers  its  water  without  the  possibility  of  the  external  air  introducing 
itself;  so  that  it  constitutes  a  torricellian  column,  or  water  barometer,  and 
renders  the  whole  column  from  A  to  S  eflTectual:  as  we  shall  see  in  our  view 
of  the  operation. 

Let  us  suppose  the  lower  bar  K  V  of  the  tumbler  to  be  horizontal,  and  the 
rod  P  O  so  ntuated,  as  that  the  plugs  or  leaden  pistons  D  and  £  shall  lie  op- 
posite to  each  other,  and  stop  the  water-ways  G  and  F.  In  this  state  of  tnc 
engine,  though  each  of  these  pistons  is  pressed  by  a  force  equivalent  to  more 
than  1000  pounds,  they  will  remain  motionless,  because  these  actions  being 
contraiy  to  each  other,  they  are  constantly  in  equilibrio.  The  great  piston 
H  bemg  here  shown  as  at  the  bottom  of  its  cylinder,  the  tumbler  is  to  be 
thrown  oy  hand  into  the  position  here  delineated.  Its  action  upon  O  P,  and 
consequently  upon  the  wheel  Q,  draws  up  the  plug  D,  and  depresses  E,  so 
that  the  water-way  G  becomes  open  from  A  B,  and  that  of  F  to  the  pipe  K: 
the  water  consequently  descends  flram  A  to  C;  thence  to  G  G  G,  until  it  acts 
beneath  the  piston  H.  This  pressure  raises  the  piston,  and  if  there  be  any 
water  above  the  piston,  it  causes  it  to  rise  and  pass  through  F  into  R.  During 
the  rise  of  the  piston,  (which  carries  the  pit-rod  M  N  along  with  it,)  a  sliding 
block  of  wood  I,  fixed  to  this  rod,  is  brought  into  contact  with  the  tail  K  m 
the  tumbler,  and  raises  it  to  the  horizontal  position,  beyond  which  it  oversets 
by  the  acquired  motion  of  the  wheel  L. 

The  mere  rise  of  the  piston,  if  there  were  no  additional  motion  in  the 
tumbler,  would  only  bring  the  two  plugs  D  and  £  to  the  position  of  rest, 
namely,  to  close  G  and  F,  and  then  the  engine  would  stop;  but  the  fall  of 
the  tumbler  carries  the  plug  D  downwards  quite  clear  of  the  hole  F,  and 
the  other  plug  E  upwards,  quite  dear  of  the  hole  G.    These  motions  require 
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110  consumption  of  power,  becwue  the  plugs  arc  in  e<]ui)Ibho,  as  4ras  jiist 
observed. 

Id  thij  new  situation  the  column  \B  Ho  longer  cammunicstes  with  G, 
but  iLct»  (hjqug'h  F  upon  the  upper  part  of  tlje  piston  H.  and  dcpresset  lt| 
while  the  contents  of  the  gnat  cylinder  beneatli  ili^l  pLMon  an:  driven  nut 
Ihrough  GGG.  and  piss  Ibroug'h  (be  opening  at  E  into  &.  II  nuy  be 
obaerved,  Jh«t  tbe  column  which  acts  a^inat  tlie  {riston  is  assisted  by  the 
prcvsurt?  (M'the  atmosphere,  rendered  active  bv  the  column  ofwuter  han^np 
in  H.  to  irttiiih  that  assisting  presisurc  is  equivalent,  as  hat  already  been 
uoticed.       ^ 

When  the  pislon  has  descended  through  a  certain  lenglh,  tlie  slide  or 
block  at  T,  upon  the  pit-rod,  applies  against  the  taiI.<K  of  tbe  tmnbler, 
which  it  depresses,  and  s^ain  oversets;  producing  once  more  the  position 
of  the  plug>i  n  E,  here  dehueated,  and  the  eonsefiucnt  ascent  of  the  ^reit 
piston  I!,  as  before  described.  The  ascent  produces  i(a  former  effect  on  ihe 
lumbk-r  and  plugs;  and  in  this  manner  il  is  evident  that  tbe  alterations  wiU 
f^o  on  without  limit,  or  until  the  manager  shall  think  fit  to  place  the  lunibler 
»nd  pluRi  II  E  in  the  positions  of  restj  namely,  so  as  to  stop  tlie  paMa^es  F 
and  G. 

The  length  of  the  stroke  may  be  varied  by  altering  the  positiona  of  the 
piece*  T  and  I,  which  will  shorten  Ihe  stroke  the  nearer  they  are  togethcri 
38  in  that  case  they  will  sooner  alternate  upon  the  tail  K. 

As  the  sudden  stoppage  of  the  descent  of  tbe  column  A  B,  at  tbe  instant 
when  the  two  plugs  were  both  in  the  water-wa}',  might  Jar  and  shake  the 
apparatus,  those  plugs  are  made  half  an  inch  shorter  than  the  depth  of  the 
side  holes;  so  that  in  that  case  tlie  vater  can  escape  directly  through  both 
the  small  cylinden  to  R.  This  gives  a  moment  of  time  for  the  ^neration  of 
the  contniiy  motion  in  tbe  piston  and  the  water  In  G  U  G,  and  grvatlf  deadens 
the  concussion  which  might  else  be  produced. 

Some  former  attempts  to  make  pressure-engines  upon  the 
principle  of  the  steam-engine  have  failedi  because  water,  not 
being  elastic,  could  not  be  made  to  carry  the  piston  onwards 
a  little,  so  CB  completely  to  shut  one  set  of  valves  and  open 
another.  In  the  present  judicious  construction,  the  tumbler 
performs  the  office  of  the  expansive  force  of  steam  at  the  end 
of  the  stroke. 

Mr.  BoBwell  suggests,  as  a  considerable  improvement,  that 
the  action  of  this  engine  should  be  made  elastic  by  the  addi- 
tion of  an  air-chamber,  on  the  same  principle  as  that  used  in 
fire-engines  ;  this,  he  thinks,  might  be  best  effected  by  making 
the  piston  hollow,  with  a  small  orifice  in  the  bottom,  and  of 
a  larger  size,  to  serve  for  this  purpose,  as  the  spring  of  the 
air  would  then  act  both  on  the  upward  and  downward  pres- 
sure of  the  water. 

There  are  many  other  ingenious  hydraulic  engines  of  great 
utility,  which  the  limits  of  our  work  will  not  permit  us  to 
describe;  in  order,  therefore,  to  supply  the  deficiency,  we 
shall  add  a  catalogue  of  the  most  important  writings  on  this 
kind  of  eogine. 
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Deaeiipti*  JOehiiic  HjdiMiIic«  curioM  eonftnete  Mi.  Gcor.  ftfiAsL 
▼«iiet.l60r. 

Noavelle  Inrention  de  lerer  1'Bmi  pin*  hant  que  k  Bonroe*  iKree  nMlqae  ^ 
llacliiiies  MouTmntet  par  le  Mofen  de  PEau^  Ice  par  baac  de  Cana^  1657. 

Joaephi  Gregorii  a  Ifonte  8aer.    Prineipia  PhyiiwKmftrhaiiioa  dircnanm-  ' 

Madunarjom  aeu  Iiistniiiieiitiinim  Pneumatieea  ac  Hjrteiilicea.    TtDet.  1664. 

Nourelle  Machine  Hjrdimofiqaey  par  Franciiii.    Joum.  dea  S^t,  1669. 

[An  accoant  of  thia  machine  ia  hkewtae  given  in  the  Ardiiteetiif«  HjAmu-  \ 

fique  of  Belidor,  torn.  3.  and  in  the  3d  yoL  of  DeaagoUen'  ExpetimeiitdPliU 
loaophtr:  in  both  which  performanoea  many  other  hydraulic  machinca  av^  de* 
acribed.] 

An  Undeftaleing  for  raiung  Water,  by  Sir  Samuel  M oceland.  PUL  Tna*» 
16r4^No.l03. 

An  Hydraulic  Engine,  by PhU.  Trana.  1675,  No.  138. 

A  cheap  Pomp,  by  Mr.  Conyen.    PhiL  Trana.  1677,  No.  136. 

M.  de  Hautefeuille,  R^flekiona  aur  quelquea  Machinea  k  ^Sknrer  lea  Eaux, 
jMrec  aa  Deacription  dHiae  nouTelle  Pompe,  aana  Frottement  et  aana  Piaton,  •». 

k,c.  1683. 

Eldration  dea  Eaux  par  toute  aorte  de  Machinea,  r^duite  k  14  meaure,  an 
poida,  k  la  balance,  par  le  moven  d'un  nouveau  piston  et  corpa  da  pompe,  et      'A,£ 
d'an  nouveau  moavement  cydo-elliptique,  et  rejetant  IHiaage  de  toute  aorte         "^; 
de  manivellea  ordinairea,  par  le  CheFalier  Morland.    1685. 

A  new  Way  of  raiaing  Water,  enigmaiticidly  propoaed,  by  Dr.  Papin.   PhiL  i 

Thoa.  1685,  No.  173.    The  adutxma  by  Dr.  Vucent  and  Mr.  B.  A.  in  No. 
177. 

M.  dn  Toiaz,  NoureUea  Machinea  pour  ^puiaer  PEan  dea  Fondationi^  qui,     . 
qumque  tria  aimplei,  font  un  effet  aurprenant  1695.  Joum.  dai  8faT.  1695, 

An  Engine  for  ndnng  Water  by  the  help  of  Fire,  by  Mr.  Tlio.  Sairery. 
Phil.  Trans.  1699,  No.  353. 

D.  Papin,  NouTcUe  Manite  pour  lever  PEau  par  la  Force  du  Feu:  k  Caaael. 
1707. 

M^moire  pour  la  Construction  d*une  Pompe  qui  foumit  con^uellement  de 
PEan  dans  le  BiSservoir,  par  M.  de  la  Hire,  Mem.  Acad.  So.  Parts.  1716. 

Description  d'une  Machine  poqr  dever  dea  Eaux,  par  M.  dela  Faye,  Mem. 
Acad.  Set.  Paxia.  1717. 

Joh.  Jac.  Bruckmann's  und  Job.  Heinr.  Weber's  Elementar-aasehine^  oder 
univeraal-mittel  bey  alien  wasser-hebungen.    Casael.  1730. 

Jacob  Leupoldy  Theatri  Machinanim  HydrKulicanim.     1734^  1735. 

Joh.  Frid.  Weidleri  Tractatus  de  Machinis  Hydraulicta  toto  teiranim 
e(ri>e  marhnis  Marlyensi  et  Londinensi,  &c  1737.  Vide  Act.  erudlL  Lips. 
1738. 

A  Descriptum  of  the  Water-works  at  London4>ridge,  by  H.  Bei^ton, 
F.  B.  8.    PhiL  Trans.  1731,  No.  417. 

An  Account  of  a  new  Engine  for  ndsing  Water,  in  wUch  horses  or  other 
animala  draw  without  any  loss  of  |x>wer,  (which  has  never  vet  been  prac* 
aisedi)  and  how  the  strokes  of  the  piston  may  be  made  of  any  length,  to  pre- 
vent the  loss  of  watev  by  the  too  finequent  opening  of  valves,  &c.  by  Walter 
Churchman.    Phil.  Trans.  1734. 

8nr  PEffet  d'une  Machine  H3rdraolique  propoa^e  par  M.  Segner,  par  Ml 
JLeon.  Euler,  Mem.  Acad.  Sci.  Berlin.    1750. 

Application  de  la  MacMne  Hydraulique  de  M.  Segner  k  toutes  soitea 
d'ouvragea^  et  de  ses  avantagea  sur  les  autres  Machines  Hydrauliquea,  par 
M.  LeoB.  Bi^t  Mem.  Acad.  ScL  Bertin.    1751. 

pft  BMier'a  machine  ia  no  other  than  the  aimple  yet  truly  ingeniooa  con- 
^ — Mnnni  by  the  name  of  Barker'a  ndl^  frhtch  had  been  daacribod  ia 
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fb%  3d  voiuBft  of  DctifiififlnP  Plulofophf »  tome  jmn  bcfbn  tbe 
pTofeitoriidc  my  pretensmn  to  the  tionour  of  the  iiiTeiition.    The  th 
/of  if  is  hkowiie  treated  ^7  John  Bernoulli  at  the  end  of  hit  HydmiliCK] 

Bo^Mfohoo  Mir  une  noufeUe  maniire  d'€lever  de  TEau  propoa^ft  pur  Mm  do 
Moor,  par  K.  L.  Eakts  Mem.  Acad.  Berlin.  1751. 

Diacumon  particalite  do  diTeraea  maniires  d'^kver  de  I'Eaa  par  lo  moyw 
dea  Pompea,  par  M.  L.  Euler»  Mem.  Acad.  Ber.  1753. 

Mammoa  poor  arranger  le  plot  airantageusement  lea  Machinoa  doikaite  i 
dlerer  de  I'Eau  par  le  moyen  dea  Pornpea,  par  M.  L.  Euler,  Moa|.  Acad  Mw 
1753.  • 

lUflexiona  tor  lea  Machinea  HydrauHquef,  par  M.  le  Chonficr  O'Anb 
Mem.  Acad.  8d.  Paria.   1754. 

M^moire  anr  lea  Pompeiy  par  M.  le  Chevalier  de  Bordat  Mem.  Aoai»  flcL 
Paria.    176& 

Dan.  Bernoulli  Ezpoaitio  Theoretica  aingularia  Machine  HydeanliOB.  Hgvi 
helTctionim,  exatructc  Nov.  Com.  Acad.  Petrop.  1773. 

Abhandhingen  von  der  Waia<richraiibe,  von  D.  Scherffers  PiieaUr.  WkSi 
1774. 

Becherchea  rar  lea  Moyena  d'ei^cuter  sous  TEan  toatea  aottea  de  "Ctaws 
Hydraiillquea,  aaoa  employer  aucun  Epuisement,  par  M.  Couhiaib.  1779L 

Saemund  Magnuaaen  Udm,  Efterretning  om  akye  Pompen.  Ejnlwaiimii 
1779. 

Moyen  d'an|pnenter  la  Viteaae  dana  le  Mouvement  de  la  Via  d^AfdlfimUt 
aur  aon  Axe,  tir^  dea  M^moirea  Maniiacrita  de  M.  Pingeron^  fpr  lot  Acto.ltiM 
et  Mpr^ablea.    Joum.  d'Agric  Juii^  1780.  '  • 

The  Theoiy  of  the  Syphon,  plainly  and  methoc^caUy  ilhiatated.    ITML  . 
(BichaxdaoQ.) 

Memoria  aopia  U  miova  Tromba  Fumcolare  Umiltata,  dal  Can.  Cade  Cm* 
tellL    Ifihno.  1783. 

Diawrtation  deM.de  Parcieuz,  sor  le  moyen  d'^lerer  I'Eao  par  le  wdtoMStm 
d'une  cQvde  verticale  aanafin.    Amaterdam  et  Paria,  1793. 

Theorie  der  Wirzischen  Spiral  Pumpc,  erlautert  von  Heinr.  Nicand^. 
Schwed.  Abhandl.  1783. 

Jac.  Bernoulli,  Essai  sur  une  nouvelle  Machine  Hydraulique  propre  i  Clever 
de  TEau,  etqu'on  peut  nommer  Machine  Pitotiennc.  Nov.  Act  Acad.  Petrop. 
1786.       ^ 

K.  Ch.  Lang^orf 's  Berechnungen  liber  die  Vorthcilhatftere  Benutzong 
Angclegter  Fammelteiche  zur  Bctriebung  der  Maschinen.  Act.  Acad.  Ekct. 
Mogunt.  1784,  1785. 

Nicander's  Theorie  ^er  Spiral  Pumpe.    1789. 

Nouvelle  Architectiire  Hydraulique,  par  M.  Prony.    1790,  1796. 

A  short  Account  of  the  Invention,  Theory,  and  Practice  of  Fire  Machineiyi 
or.  Introduction  to  the  Art  of  making  Machines  vulgarly  called  Stearo-EOf 
gines,  in  order  to  extract  water  from  mines,  convey  it  to  towns,  and  jetf- 
d'eaux  in  gurdcns;  to  procure  water-falls  for  fulling,  hammering,  stampiQg* 
foiling,  and  corn-mills;  by  W.  Blakey.    1793. 

PUMPS. 

1.  The  construction  of  pumps  is  usually  explained  by  glass 
models,  in  which  the  action  both  of  the  pistons  and  vidveB 
may  be  seen. 

In  order  to  understand  the  structure  and  operation  of  the  common  pnttm* 
let  the  model  D  C  B  L,  fig.  222,  be  placed  upright  in  the  vessel  of  water  a» 
the  water  beings  deep  enough  to  rise  at  least  as  high  aa  from  A  to  !«•   Tbeij 
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\-a1ve  a  on  the  movable  bucket  G,  and  the  valve  b  on  the  fixed  box  II,  (which 
box  quite  fills  the  bore  of  the  pipe  or  barrel  at  H,)  will  each  lie  close  by  its 
own  weight,  upon  the  hole  in  the  bucket  and  box,  until  the  en^ne  begins  to 
m'ork.  The  valves  are  made  of  brass,  and  covered  underneath  with  leather, 
for  closing  the  hole  more  exactly  {  and  the  bucket  G  iii  raised  and  depressed 
alternately  by  the  handle  £  and  rod  D  (/,  the  bucket  being  supposed  at  B  be- 
fore the  working  begins. 

Take  hold  of  the  handle  E,  and  thereby  draw  up  the  bucket  from  B  to  C, 
which  will  make  room  for  the  air  in  the  pump  all  Uie  way  below  the  bucket 
to  dilate  itself,  by  which  its  spring  is  weakened,  and  then  its  force  is  not 
equivalent  to  the  weight  or  pressure  of  tlie  outward  air  upon  the  water  in 
the  vessel  K;  and  therefore  at  the  first  stroke,  the  outward  air  will  press  up 
tiic  water  through  the  notched  foot  A,  into  the  lower  pipe,  as  far  as  e  .•  thif 
will  condense  the  rarefied  air  in  the  pipe  between  e  and  C  to  the  same  state 
as  it  was  in  before;  and  then,  as  its  spring  within  the  pipe  is  equal  to  the 
force  or  pressure  of  the  outward  air,  tne  water  will  rise  no  higher  by  the  first 
stroke;  and  the  valve  6,  which  was  raised  a  little  by  the  dilatation  of  the  air 
in  the  pipe,  will  fall,  and  stop  the  hole  in  tlie  box  H;  and  the  surface  of  the 
water  will  stand  at  e.  Then  depress  the  piston  or  bucket  from  C  to  B,  and 
as  the  air  in  the  part  B  cannot  get  back  again  through  the  valve  b^  it  will, 
(as  the  bucket  descends,)  raise  the  valve  a,  and  so  make  its  way  through  the 
upper  part  of  the  barrel  d  into  the  open  air.  But,  upon  raising  the  bucket  O 
a  second  time,  the  air  between  it  and  Uie  water,  in  the  lower  pipe  at  f,  will 
be  again  left  at  liberty  to  fill  a  larger  space  j  and  so  its  spring  being  again 
weakened,  the  pressure  of  the  outward  air  on  the  water  in  tlie  vessel  K  will 
force  more  water  up  into  the  lower  pipe  from  e  to  /;  and  when  the  bucket  if 
at  its  greatest  height  C,  the  lower  valve  b  will  fall,  and  stop  the  hole  in  the 
box  H  as  before.  At  the  next  stroke  of  the  bucket  or  piston,  the  water  will 
rise  through  the  box  H  towards  R,  and  then  tlic  valve  b,  which  was  raised  by 
it,  will  fall  when  the  bucket  G  is  at  its  greatest  height.  Upon  depressing  the 
bucket  again,  the  water  cannot  be  pushed  back  through  the  valve  b,  which 
keeps  close  upon  the  hole  whilst  tlie  piston  descends.  And  upon  raising  the 
piston  again,  the  outward  pressure  of  tlie  air  will  force  the  water  up  through 
H,  where  it  will  raise  the  valve,  and  follow  the  bucket  to  C  Upon  the  next 
depression  of  the  bucket  G,  it  will  go  down  into  the  water  in  the  barrel  B; 
and  as  the  water  cannot  be  driven  back  through  the  now  close  valve  b,  it  will 
raise  the  valve  a  as  the  bucket  descends,  and  will  be  lifted  up  by  the  bucket 
when  it  is  next  raised.  And  now,  the  whole  space  below  the  bucket  being 
full,  the  water  above  it  cannot  sink  when  it  is  depressed;  but  upon  its  de- 
pression, the  valve  a  will  rise  to  let  the  bucket  go  down;  and  when  it  is  quite 
down,  the  valve  a  will  fall  by  its  own  weight,  and  stop  the  hole  in  the 
bucket.  Wlien  the  bucket  is  next  raised,  all  the  water  above  it  will  be 
lifted  up,  and  begin  to  run  off  by  the  pipe  F.  And  tlius,  bjr  raising  and  de- 
pressing the  bucket  alternately,  there  is  still  more  water  raised  by  it;  which 
getting  above  the  pipe  F,  into  the  wide  top  I,  will  supply  the  pipe,  and 
make  it  run  with  a  continued  stream. 

So,  at  every  time  the  bucket  is  raised,  the  valve  b  rises,  and  the  valve  a 
falls;  and  at  every  time  the  bucket  is  depressed,  the  valve  b  falls,  and  the 
valve  a  rises. 

As  it  is  the  pressure  of  the  air  or  atmosphere  which  causes  the  water  to  rise, 
and  follow  the  piston  or  bucket  G  as  it  is  drawn  up;  and  since  a  column  of  water 
32  feet  high  is  of  equal  weight  with  as  thick  a  column  of  the  atmosphere, 
from  the  earth  to  the  very  top  of  the  air;  therefore  the  perpendicular  height 
of  the  piston  or  bucket  from  the  surface  of  the  water  in  the  well  must  always 
be  less  than  32  feet;  otherwise  the  water  will  never  get  above  the  bucket. 


TBB  OFBBATIVB  HECBAIIIC 

«  of  the  ktnoKibaw  iriB  iM  | 
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~ ^ojed,  W  FMM  it  with  the 
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nccofitreiisthbeo^ioTed,  WruM  it  with  the  vetKbtorOs* 
Oe  bucket  w'*'— *■* ' — -*••—■ —  *'•-  -' — »~ 


The  force  required  to  work  r  putnp  will  be  u  die  hetgh^ 
which  the  water  is  ruBedi  end  es  the  square  of  Ota  dluMTM 
'  '  ■  of  ^e  pump-bora  in  that  part  where  the  piston  worfca*  lf| 
that  if  two  pumps  be  made  of  equal  heights,  atid  one  of  thah 
be  twice  as  wide  in  the  bora  as  the  other,  the  widest  wiU  tdN 
fenr  times  as  much  water  as  the  narrowest,  and  will  ilijuM 
therefore  four  times  as  much  atrength  to  work  it. 

The  widenesB  or  narrowness  of  the  pump  in  any  othn-  finC 
^  ^  besides  that  in  which  the  piston  works,  does  not  make  d* 
pump  either  more  or  less  difficult  to  work,  except  wbat  diCK 
encc  may  arise  from  the  friction  of  the  water  in  th^  bvn^ 
which  is  always  greater  in  a  narrow  bore  than  in  k  wide  eati 
because  of  the  great  veloci^  of  the  water.  ,  '    . 

The  pump-rod  is  pever  raised  directly  by  such  e  hanAe  M 
E  at  the  top,  but  by  means  of  a  lever,  whose  longer  uip,  0^ 
the  end  of  which  the  power  is  applied,)  generally  ezceedsna 
length  of  the  shorter  arm  five  or  sis  times,  and  by  diet  vem 

S*ves  five  or  six  times  as  much  advanuee  to  the  power.  Upen 
CSC  principles,  it  will  be  easy  to  find  the  dimensiona  M  a 
pump  that  shall  work  with  a  given  force,  and  draw  water 
from  any  given  depth. 

The  quantity  of  water  raised  by  each  stroke  of  the  pump- 
handle  is  just  as  much  as  fills  that  part  of  the  bore  in  which 
the  piston  works,  be  the  size  of  the  rest  of  the  bore  above  and 
below  the  piston  what  it  will.  The  pressure  of  the  atmo- 
sphere will  raise  the  water  32  feet  in  a  pipe  exhausted  of  air  ) 
hut  it  is  advisable  never  to  have  the  piston  more  than  20  or 
24  feet  above  the  level  of  the  surface  of  the  water  in  which 
the  lower  end  of  the  pump  is  placed ;  and  the  power  required 
to  work  the  pump  will  be  the  same,  whether  the  piston  goes 
down  to  lie  on  a  level  with  the  surface  of  the  well,  or  whether 
it  works  30  feet  above  that  surface,  because  the  weight  of  the 
column  of  air  that  the  piston  lifts  is  equal  to  the  weight  or 
pressure  of  the  column  of  water  raised  by  the  pressure  of  tiie 
air  to  the  piston.  And  although  the  pressure  of  the  air  mt 
the  surface  of  the  well  will  not  raise  or  force  up  the  water  In 
the  pump-bore  more  than  32  feet,  yet  when  the  piston  goes 
down  into  the  column  so  raised,  the  water  gets  above  it,  wl 
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hen  be  raised  to  any  height  whatever  above  the  piston, 
ling  to  the  quantity  of  power  applied  to  the  handle  of 
imp  for  that  purpose. 

nps  ought  to  be  made  so,  (says  Mr.  Ferguson,)  as  to 
with  equal  ease  in  raising  the  water  to  any  given  height 

the  surface  of  the  well.  And  this  may  be  done  by  duly 
rtioning  the  diameter  of  the  bore,  (in  that  part  where  the 

works,)  to  the  height  the  water  is  to  be  raised,  as  that 
»lumn  of  water  may  be  no  heavier  in  a  long  pump  than 
hort  one,  or  indeed  equally  heavy  in  all  pumps  from  the 
;st  to  the  longest,  on  a  supposition  that  the  diameter  of 
>re  is  the  same  size  from  top  to  bottom ;  and  whatever 
be  bore  be,  above  or  below  that  part  in  which  the  piston 
,  the  power  required  to  work  the  pump  will  be  just  .the 
as  if  the  bore  was  of  the  same  size  throughout. 
)rder  that  a  man  of  common  strength  may  raise  water 
mps  with  the  same  ease,  to  any  height  not  less  than 
It,  or  more  than  100  feet,  above  the  surface  of  the  well, 
'erguson  has  calculated  the  annexed  table,  in  which  the 
fter  of  the  bore  is  duly  proportioned  to  the  height;  an4 
ise  calculations  he  supposes  the  pump-handle  to  be  a 
increasing  the  power  five  times. 


Height  of  the 
pump,  in  ftt't« 
iibi>vf  thf  ^iiiTace 
oftbe  welL 

Diametn>  of  the 
bore. 

100  parts  of 
Inches,     ui  inch. 

Water  dischusedi 
A  minute, 
in  wine  ntetture. 

Gallons.     Pinlv. 

10 

6 

.93 

81 

6 

15 

5 

.66 

54 

4 

20 

4 

.90 

40 

7 

25 

4 

.38 

32 

6 

30 

4 

.00 

27 

2 

35 

3 

.70 

23 

3 

40 

3 

.46 

20 

3 

45 

3 

.27 

18 

1 

50 

3 

.10 

16 

3 

55 

2 

.95 

14 

7 

60 

2 

.84 

13 

5 

65 

2 

.72 

12 

4 

70 

2 

.62 

11 

5 

75 

2 

.53 

10 

7 

80 

2 

.45 

10 

2 

85 

2 

.38 

9 

5 

90 

2 

.31 

9 

1 

95 

2 

.25 

8 

5 

100 

2 

.19 

S 

1 

the  first  column  look  for  the  number  of  feet  the  water  is 
raised ;  then  in  the  second  column,  you  have  the  dia- 
r  of  that  part  of  the  bore  in  which  the  piston  or  bucket 
li  and  in  the  third  column,  the  quantity  of  water  which 


.-^> 
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m  mm  of  orditMrr  Btren8;th 


« in  ft  mimtte  bjrdwpiiiif 
to dicBiTcn  hcigiit.       ~  ■.      ■■ 

The  quiDtity  of  water  conuined  in  a  pipe  of  enbcr  dUmm 
beighu  in  the  able^  ■uppoatng  the  dikntcter  of  tbebo^^b 
the  same  from  top  to  bcKtom^  ia  45SS.a  cubic  inebeB,' or  IfttB 
mIIods  in  wine-meuore,  m  De«r  as  the  hundreddi  part  oftai 
lach  in  the  diameter  of  Ae  bore  can  make  it. 

Mr.  Ferguson  has  calculated  the  following  table,  hy  wlkA 
the  quantity  and  weight  of  water  in  a  cyliodrical  bore  of  Mf 
given  diameter  and  perpendicular  height  may  MfcTiiji  wmjtf 
Sound. 


DiamtteroftieevthMcalhrtliML                         '^ 

JMioeh. 

,<t«U^of«u,.i. 

"■•^Jl^-" 

'" 

ant 

1 

9.*2*)781 

4.9712340 

5.45*1539 

2 

18.8495562 

.     9.94-24680 

10.9083078 

38.2r*33« 

14.9137020 

16J6240ir 

Sr.flWllM 

19.8S49360 

21.Sie61S« 

47.1338905 

34.B56ir00 

37J27W6M 

50.MW6B6 

29.8374040 

33.r349XM 

65.97344C7 

34.7986380 

38,I7907ri 

75.3983348 

39.7598730 

43.6.'!32313 

84.8230029 

44.7411060 

49.0873851 

For  tena  of  feet  high,  remove  the  decimal  poiota  iftie  phee 
towards  the  right  hand ;  for  hundreds  of  feet,  two  places ;  fat 
thousands, three  places;  and  so  on.  Then  multiply  each  sum 
by  the  square  of  the  diameter  of  the  given  bore,  and  the  pro> 
ducts  will  be  the  answer. 

Example: 

^.  What  is  the  quantity  and  weight  of  water  in  an  upright 
pipe  85  feet  high,  and  10  inches  in  diameter  of  bore  J  The 
square  of  10  is  100. 


80 
5 

Cllhii  IlKh..|. 

753.  983248 
47.1338903 

397.  698720 
34.8561700 

456.  332313 
37.3707695 

85 
MultlpI, 

801.1061385 
by 100 

422,5548900 
100 

463.6030815 
100 

AniwEf  . 

.  80110.6138500 

43355.4890000 

46360.  3081M 

Which  number,  (80110.61,)  of  cubic  inches  being  divided  bj  SSiiM 
number  of  cubic  iiwbci  in  k  wine  gaUon,  givei  343.6  for  the  nninHtr  rf 

gallons  in  tlio  pipci  und  432iS.4H9  troy  ounco  licirii-  dividcj  bv  12.  KireS 
3521.39  for  the  wciplit  of  the  water  in  troj  poundi,  mid,  lastly,  4636IU 
ftToirdupoiie  ounce*  being  divided  bjr  16,  ^vcs  2897.5  fat  tbu  weight  i& 
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The  power  required  to  work  a  pump,  or  any  other  hydraulic 
engine,  must  not  only  be  equal  to  the  whole  column  of  water 
in  the  pump-bore,  but  as  much  superior  to  it  as  will  overcome 
all  the  friction  of  the  working  parts  of  the  engine. 

2.  In  Dr.  Gregory^s  Mechanics^  vol.  ii.  is  the  following  de* 
Bcription  of  a  pump,  with  little  friction,  which  may  be  con- 
structed in  a  variety  of  ways  by  any  common  carpenter,  with* 
out  the  assistance  of  the  pump-maker,  or  plumber,  and  which 
will  be  very  effective  for  raising  a  great  quantity  of  water  to 
small  heights,  as4n  draining  marshes,  marie  pits,  quarries,  &c« 
or  even  for  the  service  of  a  house. 

A  B  C  D,  fig.  223,  is  a  square  trunk  of  carpenter's  work  open  at  both  ends, 
wd  having  a  little  cistern  and  spout  at  top.  Near  the  bottom  there  ii  a 
partition  made  of  boanl,  perforated  with  a  hole  E,  and  covered  with  a  dock. 
ffff  represent  a  long  cylindrical  bag  made  of  leather  or  of  double  canvass, 
irith  a  fold  of  thin  leather,  such  as  sheep  skin,  between  the  canvass  bags. 
This  is  firmly  nsuled  to  the  board  E  with  soft  leather  between.  The  upper 
end  of  this  bag  is  fixed  on  a  round  board  having  a  hole  and  valve  F.  This 
board  may  be  turned  in  the  lathe  with  a  groove  round  its  edge,  and  the  bag 
Gutened  to  it  by  a  cord  bound  tight  round  it  The  fork  of  the  piston-rod  F  § 
is  firmly  fixed  into  this  board;  the  bag  is  kept  distended  by  a  number  of  wooden 
hoops  or  rings  of  strong  wire,  ff^  jft  ff^  &c.  put  into  it  at  a  few  inches  ^s- 
tance  from  each  other.  It  will  be  proper  to  connect  these  hoops,  before  put- 
ting them  in,  by  three  or  four  cords  from  top  to  bottom,  which  will  keep  there 
at  their  proper  distances.  Thus  will  the  bag  have  the  form  of  a  barber's  bel- 
lows powder-puflf.  The  distance  between  the  hoops  should  be  about  twice 
the  breadth  of  the  rim  of  the  wooden  ring  to  which  the  upper  valve  and 
piston-rod  are  fixed. 

Now  let  this  trunk  be  immersed  in  the-  water.  It  is  evident  that  if  the  bag 
be  stretched  from  the  compressed  form  which  its  own  weight  will  give  it  by 
drawing  up  the  piston-rod,  its  capacity  will  be  cnlarecd,  the  valve  F  will  be 
shut  by  its  own  weight,  the  air  in  the  bag  will  be  rarefied,  and  the  atmosphere 
will  press  the  water  into  the  bag.  When  the  rod  is  thrust  down  again,  this 
water  will  come  out  by  the  valve  F,  and  fill  part  of  tlie  trunk.  A  repetition 
of  the  operation  will  have  a  similar  efiect;  the  trunk  will  be  filled,  and  the 
water  will  at  last  be  discharged  by  thflhtout. 


effect;  tl 


Here  is  a  pump  almost  divested  of  friction,  and  perfectly 
light.  For  the  leather  between  the  folds  of  canvass  renders 
the  bag  impervious  both  to  air  and  water.  And  the  canvass 
has  very  considerable  strength.  We  know,  from  experience, 
that  a  bag  of  six  inches  diameter,  made  of  sail-cloth  No.  3, 
with  a  sheep-skin  between,  will  bear  a  column  of  15  feet  of 
water,  and  six  hours  work  per  day  for  a  month  without  failure, 
and  that  the  pump  is  considerably  superior  in  effect  to  a  com- 
flum  |mmp  ot  the  same  dimensions.  We  must  only  observe, 
that  the  length  of  the  bag  must  be  three  times  the  intended 
Iraglh.  of  the  stroke ;  so  that  when  the  piston-rod  is  in  its 
ta^^Cptposition,  the  angles  or  ridges  of  the  bag  mav  be  pretty 
aieiite.    If  the  bag  be  more  stretched  than  this,  the  force  which 

r         )       *♦■ 


mvt  he  cierted  bjr  the  kbower  btaooMk  jkMll  grawif  dw 
the  waight  of  the  colamn  of  wner  miaA  fak  le  ndfay^rjl 
die  pump  he  lud  «Blope,  wkidi  Ifc  wy  asailln  tiMMi  mi^ 
•iooal  and  haitjr  dnwiags,  it  ie  weCMsary  ta  maba  •  glMf  . 
far  the  piltoD-rod  within  die  trank,-  dwt  mt  bay  invf  pW^ 
■ad  down  without  rahUng  on  the  >idM,  vfafdk  wodd  tfrnttf 
wear  it  oat.  tr:f 

The  experienced  render  will  we  that  this  poaip  U  varjittll 
that  of  Gotiet  and  De  la  Deoille,  dcKiibed  if  Bolidar,  ««MK 

J>  19Q,  and  nioit  writerv  on  hydraolicB.  It  wbuld  be  atill  mort 
ke  it,  if  Ac  bag  were  on  the  under  tide  of  the  partition  E* 
aad  a  ndve  placed  further  down  the  trunk.  But  we  think 
Aatoor  fbmia  greatlyprefierableinpointof  strength.  When 
in  the  other  eituation,  the  cdumn  of  water  lifted  \>y  the  piiton 
lenda  to  hunt  the  bi^,  and  this  with  a  great  force,  aa  the  ie. 
teUigent  reader  well  knowt.  But  is  the  form  recommended 
here,  the  bag  i>  compreMed^  and  the  strain  on  each  part  may 
benademucAless  than  that  which  tends  to  burst  a  bag  of  six 
iocbea  diameter.  Ilienearer  the  tingt  arepkccd  to  each  other 
Ac  amaUer  will  the  strain  be. 

The  tame  bag-piaton  may  he  employed  Sir  a  totaam^fftft 
bjr  placing  it  below  die  partitian,  and  inrerting  dw  vmnlnipl' 
it  will  then  be  equally  strong,  because  ttie  resiatuiea  la  wi 
eaaa  too  will  act  l^  comprcanon. 

3.  An  ingenious  variation  in  the  construction  of  the  sucUnp 
pump,  is  that  with  two  piston-rods,  in  the  same  barrel,  iiH 
vented  by  Mr.  Walter  Taylor,  of  Southampton.  A  vertical 
section  of  this  pump  is  given  in  Gg.  224. 

The  piston-rods  have  neks  at  their  upp^r  pans  working  on  the  oppoate 
■ides  of  n.  pinian,  and  kept  to  ihcir  riHI^''  poiuiions  by  friction.rollera.  The 
valves  u^cd  in  this  pump  are  of  thiM^Bids,  as  shown  at  a,  A,  and  c  The 
former  is  a  spheric  segment  which  sflln  up  and  down  on  the  piston-rod,  lad 
ii  brought  down  by  its  own  wei^hti  the  second,  b,  is  called  the  pendulum. 
vtJvei  and  the  third,  c,  is  ■  globe  which  is  raised  by  the  tiung'  water,  ud 
fall*  onin  by  its  own  weight.  E^h  of  these  volvci  will  diseng«n  itMlf 
from  chips,  aand,  gravel,  &c.  brought  up  by  the  water.  In  tfaii  kind  of 
pump  4ie  pistons  may  either  be  put  in  motion  by  a  handle  in  the  unwl  vv> 
or  a  rope  may  pass  round  the  wheel  (£  e  in  a  proper  groove,  the  two  ends  st 
which,  ofler  crossing  at  the  lower  part  of  the  wheel,  may  be  pulled  by  om 
man  or  more  on  each  side.  A  pump  of  this  kind,  with  seven  inch  Mfe, 
heaves  a  ton  34  feet  high  in  a  minute,  with  ten  men,  five  only  workiaf  Aa 
time  on  each  udc. 

Another  improvement  of  the  common  pump  has  been  flMds 
by  Mr.  Todd,  of  Hull.  This  invention  in  some  parUcolHA 
bears  a  resemblance  to  the  ordinary  one,  but  he  has  c — — =— * 
to  double  its  powers  by  the  following  means : 
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Haviog  prepared  the  pi Bton-cy Under, which  maybe  12  feet 
high,  he  cuts  from  the  bottom  of  it  about  three  teet ;  at  the 
end  of  the  great  cylinder  he  places  an  atmospheric-valve,  and 
to  the  top  of  the  small  cylinder  a  serving-valve.  In  the  bot- 
tom of  tne  small  cylinder,  which  contains  the  serving-valve, 
is  inserted  an  oblong  elliptical  curved  tube,  of  equal  caliber 
with  the  principal  cylinder,  and  the  other  end  is  again  inserted 
in  the  top  of  the  great  cylinder.  This  tube  is  divided  in  the 
same  manner  as  the  first  cylinder,  with  atmospheric  and 
serving-valves,  exactly  parallel  with  the  valves  of  the  first 
cylinder.  The  pump,  ttius  having  double  valves,  produces 
double  effects,  which  effects  may  be  still  further  increased  by 
extending  the  dimensions. 

The  cyUnder  is  screwed  for  service  on  a  male  tube  screw, 
which  projects  from  the  side  of  a  reservoir  or  water  cistern, 
and  is  worked  by  hand. 

The  piston-plunger  is  worked  by  a  toothed  segment-wheel, 
similar  to  the  principle  of  the  one  used  in  working  the  chain- 
pumps  of  ships  belonging  to  the  royal  navy ;  and  the  wheel 
receives  its  motion  from  a  hand-winch,  which  is  considerably 
accelerated  by  a  fly-wheel  of  variable  dimensions,  at  the 
opposite  end. 

This  pump,  in  addition  to  its  increased  powers,  possesses 
another  very  great  and  f prominent  advantage.  By  screwing 
to  it  the  long  leather  tube  and  fire-pipe  of  the  common  engine, 
it  is  in  a  few  minutes  converted  into  an  effective  fire-engine. 
Hence,  whoever  possesses  one  may  be  said  to  have  a  con- 
venient domestic  apparatus  against  fire.  Three  men  can 
work  it,  one  to  turn  the  winch,  another  to  direct  the  fire- 
pipe,  and  a  third  to  supply  the  water. 

4,  The  Forcing-pump  is  represented  in  fig.  225. 

It  nises  water  through  the  box  H,  not  in  the  same  manner  as  the  sackinr 
or  lifting  pump  docs,  when  the  plunger  or  piston  g  is  lifted  up  by  the  rod 
D  df  but  this  plunger  or  forcer  hafl<io  hole  through  it,  to  let  the  water  in  the 
barrel  B  C  get  above  it,  when  it  is  depressed  to  B;  and  the  valve  &,  (which 
rose  by  the  ascent  of  the  water  through  the  box  II  when  the  plunger  g  was 
drawn  up,)  falls  down  and  stops  the  hole  in  II  the  moment  that  the  plunger . 
is  raised  to  its  greatest  height  Therefore  as  the  water  between  the  plunger 
g  and  the  box  II  can  neither  get  through  the  plunger  upon  its  aescent, 
nor  back  again  into  the  lower  part  of  the  pump  L  e,  but  has  a  free  passage 
by  the  cavity  around  11  into  the  pipe  M  M,  which  opens  into  the  air-vessel 
K  K  at  P,  the  water  is  forced  tlirough  the  pipe  M  M  by  the  descent  of  the 
plunger*  and  driven  into  the  air-vessel,  and  in  running  up  through  the  pipe 
at  P9  it  opens  the  valve  a,  which  shuts  at  the  moment  the  plunger  begins  to 
be  nufed,  because  the  action  of  the  water  against  the  under  side  of  the  valve 
then  cesses. 

Tbe  wttter  being  thus  forced  into  the  air-vessel  K  K>  by  repeated  strokes 
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«r  Ihe  ptugcr,  gets  thwe  the  lou-er  end  of  tlie  pipe  G  H  !«  and  8re 
begin*  tu  coDEleiise  the  air  in  Ihc  Te«sel  K  K.  For  u  the  pipe  G  U  is  KnJ 
Mr-tight  into  the  ve^'sel  below  F,  and  the  ur  hu  no  nay  to  get  out  <if  the 
vewd  but  thpoogh  the  month  of  the  pipe  at  I,  tiwl  catnol  |^I  cnit  when  i!k 
notllh  1  is  covered  with  water,  iknd  ja  more  and  more  condcn&ed  as  Ibt 
waier  iuet  upon  Ihe  pipe,  the  air  tlicn  begint  to  act  fordbly  by  its  spnnf 
(^nat  the  surface  of  Wt  inter  at  H;  and  this  action  drive*  the  watrr  up 
throng*)  the  pipe  I II  G  F,  from  whence  it  spouts  in  a  jet  8  to  ■  great  bdrti, 
and  is  lupplicd  by  altemali^ly  raiaing  and  deprcijiiig  the  phingcr  g.  wliidi 
constantly  forcei  the  water  that  it  raiies  through  the  valve  11,  along  Xhf  pip* 
M  M.  into  the  air-vessel  K  K. 

The  higher  the  surface  of  the  water  H  ia  raised  in  Ihe  air-veaaelt  the  \tt» 
■pace  wiS  the  air  be  condensed  into,  which  before  filled  that  v'csacli  and 
therefore  Ihe  force  of  its  spring  will  be  so  much  the  stronger  upott  the 
ivater,  and  will  drive  it  with  the  greater  force  through  Ihe  pipe  al  Fi  asd  as 
the  spring  of  tlie  air  continues  whilft  the  plunger  g  ih  ti»ng,  the  streast  o 
jet  8  will  he  unifarm  as  long  as  the  action  of  the  plvmger  COBlinaes)  uu) 
when  the  Taire  b  oncns  lo  let  the  water  folli*  the  plunger  opwani.  llie 
ralve  a  shuts,  to  hinder  tlie  water,  which  is  forced  into  the  iiif  iniiml.  ttva 
running  back  by  the  pipe  M  M  into  ihe  barrel  of  Ihe  pump. 

If  there  was  no  air-vessel  io  thii  engine,  the  pipe  CHI  would  be  jtioed   , 
lo  the  pipe  M  M  N  at  P :  and   then   the  jet  S  » oald  tlop  etfi^  tint  l*« 
plunger  IB  raised,  smd  run  only  when  the  plungtr  is  depressed. 

Mr.  Ncwsham'a  Watcr-enginc.  for  extinguishing  fire,  (»« 
Fire-engine,)  consists  of  two  forcing-pumps,  which  alternattlj 
drive  water  into  a  close  vessel  of  air;  and  by  forcing  th* 
water  into  that  vessel,  die  air  in  it  is  thereby  condensed,  sad 
campreaseB  the  water  so  strong]}',  that  it  rushes  out  wilh 
great  impetuosity  and  force  through  a  pipe  that  comes  down 
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;  and  makes  a  continued  uniform  t 
densation  of  the  air  upon  its  surface  in  the  vess 

By  means  of  forcing-pumps,  water  may  be  i 
height  above  the  level  of  a  river  or  spring  ;  and  n 
be  contrived  to  work  these  pumps,  either  by  a  ri 
a  fall  of  water,  by  horses,  or  by  steam. 

The  rod  of  the  bucket  in  a  sucking-pump  is  sometimes 
made  to  work  through  a  collar  of  oiled  leathers  and  brass 
plates,  connected  with  the  barrel  of  the  pump  by  screws,  and 
kept  moist  by  water  contained  in  a  vessel  at  the  top:  it 
prevents  the  water  issuing  from  the  top  of  the  pump,  and 
therefore  by  a  pipe  it  will  raise  to  any  height.  This  is  called 
in  the  North  a  jackhead. 

5.  The  Lifting-pump  differs  from  the  sucking-pump  only 
in  the  disposition  of  its  valves,  and  the  form  ot  its  piatoa 
frame.     This  pump  is  represented  in  fig.  226. 

A  B  is  a  barrel  fiied   in   a   frame   1  K  L  >l,  which   i»   immovable,  wi'lli    i 
ha  lower   parts   conimunicating   with    ihe  water.     G  R  Q  H  O  ii  a   frame 
with    two   BtroDg  iron   rods,    movable   through    holt's    in    tlie    upper    aral 

lower  parti  of  tbe  pumpg  I K  and  I.  M:  m  the  bottom  of  tliui  fnunt 
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Ol;^  B,  ii  fixed  an  uiTeited  pUtoYi  B  D9  with  its  bucket  tnd  Tahre  upoo  Hw 
top  at  D.  Upon  the  top  of  the  barrel  there  goes  off  a  put  F  9»  eitlier  fixel 
to  the  banel,  or  morable  by  a  ball  and  socket;  hot  in  either  case  Mter  ana 
air  tight.  In  this  part,  at  G»  b  a  fixed  val^e  opening  upwanis.  It  ia  efident 
that  when  the  piston  frame  is  thrust  down  into  the  water»  the  piston  B  de* 
scendsy  and  the  water  below  will  rush  up  throoghthe  valre  D,  and  get  abOT« 
the  piston;  and  that,  when  the  frame  is  tiftea  up,  the  piston  will  ibice  the 
water  thI|^gh  the  valve  C  up  into  the  cistern  P,  there  to  run  off  1^  the  spout. 
The  piston  of  this  pump  plays  below  the  surface  of  the  water.  Mr.  Martin 
haa  described  a  mercurial  pump,  which  works  by  quicksilver,  invented  by 
Mr.  Hoskins,  and  perfecteo^by  Mr.  Desaguliers;  and  another  pump  of  the 
lifting  sort,  invented  by  MSessrs.  Gosset  and  De  la  Deuille,  and  set  up  in  thi; 
king  of  France's  ^wlen  at  Paris,  the  piston  of  which  works  without  mctiiin. 
—Ail.  BriU  vol.  li.  p.  57,  &c.  ed.  3. 

• 

6.  Ct€9ihius*$  fump^  the  first  of  all  the  kinds,  acts  bdth  by 
suction  and  pulsion. 

Its  structure  and  action  are  aa  follows:  A  brass  cylinder  A  B  C  D,  fig.  387, 
furnished  with  a  valve  in  L,  is  pkced  in  the  water.  In  this  is  fitted  an  embeiiia 
M  K,  aiade  of  g^en  wood,  4iirhich  will  not  swell  in  the  watery  iuid  adj^irteA 
to  the  aperture  of  the  cylinder  with  a  covering  of  leather,  but  without  aaj^ 
valve.  In  H  is  fitted  on  another  tube  N  H,  with  a  valve  that  opens  upwardt 
In  I.  , 

Now  the  embolus  M  K  bein^  rused,  the  water  opens  the  valve  in  Lf  and 
rises  into  the  cavity  of  the  cyhnder«  uid  when  the  same  embolus  is  agaia 
depressed,  the  valve  I  is  opened,  and  the  water  driven  «p  through  the  tube 
HN. 

This  is  the  pump  used  among  the  anaients,  and  that  from 
which  both  the  others  are  deduced.  Sir  S.  Moreland  has  en- 
deavoured to  increase  its  force  by  lessening  the  friction,  which 
he  has  done  to  good  effect,  insomuch  as  to  make  it  work  with- 
out almost  any  friction  at  all. 

7.  In  1813,  the  Society  for  the  Encouragement  of  Arts 
conferred  a  silver  medal  on  Mr.  John  Stevens,  for  an  im- 

Erovement  in  the  construction  of  the  forcing-pump,  by  which 
e  is  enabled,  at  a  comparatively  trifling  expense,  to  raise 
water  from  a  well  66  feel  below  the  surface  of  the  ground* 
The  whole  expense  of  the  pump  and  apparatus  was  25/. 

The  lower  part  of  the  pump-tree  is  four  inches  in  the  bore. 
The  lower  part  of  the  rod  which  passes  through  the  stufimg^ 
box  is  made  of  brass ;  the  elbow  and  upper  pump-trees  are 
of  a  two-inch  bore,  and  may  be  easily  made  of  any  kind  of 
wood.  It  may  also  be  made  to  act  as  an  engine  to  extinguish 
fires,  by  the  addition  of  an  air-tight  vessel  and  pipe  to  the 
upper  part. 

In  the  drawing  is  introduced  a  cap  and  screw^  in  preference 
to  aerewiog  it  to  the  nozle  of  the  pump,  as  it  is  stronger 
ftnd  more  to  be  depended  ttpoik ;  and  Utea  the  water  \%  to  lite 


ItiMiislt  the  cnilre.  *nAiil  it  Tied  uvn  the  fmSuTc  ntenUnMti  crank  or 
cnnk*.  y.  in  fla  230.  r«tjrt»cnt»  ilie  brREV  Itilf  of  ihi«  ttep;  wd  X,  bg. 
2jT,  represpnttthrt  •mailer  twlf.  with  the  dovctiilcil  (iniHling  upon  >t,  wliich 
filli  iiTi  Ihe  ncancjr  w  room  Uial  i«  ina.le  m  the  Urjo  half  for  bdng  it  iiptn 
tbe  eniife 

Tbe  end*  of  ttdti  IcAJinw  itoet  in  Die  giMotes  0  0  U,  fig.  93S,  tnd  the  ker- 
bnw  rods  BDUII,  vioA.  Ilimusli  halra  in  the  butiom  ot'  the  boStfr  vIubIi 
<  purpxsr  an  Iran  pUie  or  bisr  i*  fonurt]  «illt  r.»ir  liok-i,  BSS,  e^-  ^^■ 
t.-mnd  ii  fixed  A  llie  Imttom  uf  the  box  «r  fi^me  with  >ch<WH.  The  rod*,  by 
bctiiK  lilted  inw  the  buleo  i'l  Iliii  plule,  kcer>  the  Urolcc  of  (h«  pump  pa^ 
pendiciilw,  while  tlie  Wcp  mlli  (iBctwiril*  and  (orwtrds  in  tbe  kej-Jio*.  u 
lliev  nre  fiirord  up  and  duwri  by  the  crank*  muving  or  turning  kliemately 
ton'nd. 

When  Ihi*  m»r.h>nery  i»  applied  over  a  fnretiit*  pin*Pi  or  jJacrd  over  a 
fire-cn^itie,  it  cauae*  >  greater  quatitiiy  of  witer  to  be  disehar^d  from  tbe 
cistern  or  cnpnc,  and  a»  it  ia  rery  powerful,  n  if  bigblv  neccajary  that  H 
iboi'ld  bare  ■  cock  of  a  superior  line,  tu  kt  m'lre  wutcr  p»«a  ibraugb  in  the 
aame  time  Ih>n  onJinar}  ;  f»r  thia  purpi-ie  Mr.  Tyrar  makeii  the  barrel, 
or  thai  part  of  the  cock  where  Uic  key  or  stop  get*  In  on  uitc  tide,  so  that 
there  is  but  one  Mop  1o  Ibc  plug  or  key,  the  atop  reating;  in  ibat  part  thai 
o*erban](«  the  side,  admit*  of  raoin  fur  a  full  ailed  waicr-waf  to  be  complclelir 
thntugh  it,  without  cauaing  the  wator  lo  liave  any  bubble  or  curl  la  it  pmr* 
throvifh  the  plug. 

Bctiirence  to  tbe  figure* ! 

Fig.  240  rcpreaent*  a  aide  v)er«-  of  the  W-k. 

FtR.  341,  alop  view  of  the  aame. 

Fig.  243,  the  ptug.  with  the  water-way  ciil  o.it. 

Fi^-.  343  reprcacnu  the  crank,  with  tiie  tooth  and  pinion  wheeli,  and  tbe 
jtoHing  nciii.  ^^l 

*-  ri|t.  344,  the  tipper  axle,  m'lth  iMPRtroved  plaii  of  ibe  ibdin.^  ^eer. 
^      Fig.  345.  the  apear  box  and  rod  m  the  form  of  Die  futening  at  the  top  of 
the  key-bow  rod,  whenapj.licd  for  shippinp. 

Fig.  245,  a  front  view  ul  the  pump  sluiidiiig  upon  a  slip's  deck. 

9.  Mr.  Richard  Franklin  has  been  rewarded  by  the  Society 
of  Arts  for  effecting  certain  iniprovemenis  in  the  liftinj^and 
forcing  pump,  by  which  water  can  be  conveyed  into  a  cistem 
at  the  top  of  the  house,  to  supply  all  the  dressing-rooms, 
water-clbsets,  &c. 

A  section  of  thia  putm>  ia  given  in  iig.  247. 

A  A.  are  two  piwon*  j  on  the  upper  face  of  eseh  is  a  double  valve,  ip  tj  »■  tp ; 
the  upper  piston-rod  paiaes  through  llie  stuHing-box  It,  and  the  lower 
through  the  Btuffiiig-box  C.  S  ia  the  Biictiuii-pipe,  and  D  Uie  diecharging- 
pipe. 

Fig.  248  is  an  external  view  of  tlie  pump ;  e  p  e  the  lever  or  handle  ;  P 
the  fulcruro,  on  which  the  handle  moveti  <i  ti  is  the  pi  imp -(cylinder:  -bw 
the  wheela  which  revolve  between  tbe  standards  j  j-jt,  and  wltich  conduct 
the  piston-rod*  parallel  to  the  cylinder;  e p  the  cunducting-rod,  which  cob- 
veya  the  motion  of  the  handle  to  tbe  lower  piston:  ea  the  conducting-rod, 
wMch  gives  motion  to  tlie  upper  piston.  It  is  evident,  when  the  handle  or 
lever  it  lifted,  that  the  upper  piston  ia  pressed  doivn,  and  the  lower  piston  ia 
at  the  same  time  elevated,  with  its  valves  ehul,  which  f>rcca  the  water 
through  the  upper  piaton  uul  the  diichargiug-pipe  at  the  aame  Dpcruioa. 
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And  when  the  handle  is  jmited  down,  the  upper  piston  riaei  with  iti  wwlttB 
ckvedy  and  the  water  in  its  ascension  is  foreed  thiou|dbthe  disc|uar|^|^^ipei 
•t  tiie  siame  time  the  lower  piston  descends,  by  whidi  action  its  ralves  are 
opened,  and  introduces  a  supply  of  water  e<iual  to  the  contents  of  the  ey fin- 
der, nfinus  the  capacity  of  both  pistons.  The'  pecnHw  advantages  of  this 
l^ump  with  double  pistons  are,  that  with  a  nx-inih  stroke  it  dischaiges  a  quan> 
tity  of  water  equal  to  twelve  inches  of  the  cylinder:  and  so,  in  this  proportion, 
by  always  doubling  the  quantity  of  the  stroke,  whatever  it  may  be;  and  thus 
fcrnriiing  a  product  just  equal  to  two  coromdh  pumps  of  the  same  stroke  and 
capacity  of  cylinder,  and  certainly  with  less  than  a  proportiobible  frictioii 
natd  expense. 

10.  The  pumps  that  are  usually  eiiiployedy<?r  draining'  mines 
have  many  inconveniencies,  the  principal  of  which  we  shall 
here  proceed  to  describe. 


1st.  As  it  is  necessary  for  the  pumps,  while  usfksng,  to  keep  the  water  very 
low  in  the  pit,  the  engine  frec^uentJy  goes  too  ftst,  in  consequence  of  the 
pump  drawing  up  air,  and  carries  up  by  the  violence  of  the  current  small 
pieces  of  stone,  coal,  or  other  substances,  and  lodges  them  above  the  bucket 
upon  the  valves,  which  must  considerably  retard  uie  working*  of  the  pump, 
and  wear  the  leather. 

2dly.  When  the  engine  is  set  to  ihirk,  (after  having  been  slopped  whilst 
working  upon  air,  and  consequently  a  <][uantity  of  air  renudningin  the  pump- 
hatrel,  with  the  small  stones,  &c.  deposited  on  the  valves  of  the  bucket,)  it 
often  happens  that  the  compressure  of  the  air  by^be  descent  of  the  bucket, 
is  notmieient  to  overcome  the  weight  of  the  bucket^valves  so  loaded  with 
rubbisli,  and  the  cc^umn  of  water  in  the  stand-pipes(  ihe  pump  is  thereby 
prevented  from  catching  its  water.  The  usual  remedy  for  mis  is  to  draw  the 
bucket  out  of  the  working-barrel,  until  a  quantity  of  water  haa  escaped  by  its 
ndes  to  displace  the  air;  Uiis  evil  often  arises  from  the  unnecessary  magnitude 
of  the  space  between  the  bucket  and  the  clack. 

3d]y.  The  pumps  being  suspended  m  the  pit  by  capstan  ropes,  for  the  pur- 
pHOse  of  readily  lowering  as  ti^e  pit  is  sunk,  the  stretcninff  of  theropea^  (espe* 
cially  when  sinking  in  soft  strata,}  occanons  mudi  troublje^  by  suffering  the 
pumps  to  rest  on  the  bottom  and  choke;  but  the  most  serious  evil  is^  that  the 
miners,  in  shifting  the  pump  from  one  place  to  another,  that  they  may  dig 
in  all  parts  of  the  pit,  tlirow  them  very  far  out  of  the  perpendicular,  thereby 
causing  immense  mction  and  wearing  in  all  parts,  besides  endBngerin|^  the 
whole  apparatus,  by  breaking  the  bolts  and  stays,  and  straining  the  joints 
of  the  pipes. 

These  inconvenienctes  have  been  obviated  by  Mr.  William 
Brunton,  of  Butterley  Iron-works,  in  Derbyshire,  who,  to 
avoid  the  pump  drawing  air,  has  introduced  a  side  pipe,  con- 
necting the  parts  of  the  working-barrel  which  are  above  and 
below  the  bucket,  whichi  pipe  has  a  stop-valve,  that  the 
miners  am  regulate  widi  the  greatest  ease,  so  as  to  keep 
the  engioe  to  its  fuU  stroke  without  drawing  air,  by  letting 
dowQ  the  water  from  the  upper  part  of  the  barrel  into  the 
Im^  '    ijuit  it  ta  T  ^^^  ^^  ^^  ^^^  water.    Instead 

n        lib*  whfl  m  the  lower  lift  of  pumps  sund* 

I  lisilie  fl|.  by  cross  beams^  and 
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Hit  miner  has  only  to  lift  and  move  an  additional  pipe  or  i 
bore  which  slides  upon  the  lower  end  of  the  pomp 
telescope,  to  Unglheo  down,  and  this  additional  wind-' 
besides  crooked,  and  turned  aside  like  a  short  crank, 
by  the  facility  with  which  it  turns  round  in  the  leather 
about  the  nose  of  it,  can  easily  be  removed  into  e^cry 
hole  which  is  made  in  the  bottom  by  the  miners.  The 
are  supported  in  the  pit  by  beams  placed  across  at 
disMnces,  so  as  to  suit  the  lengths  of  the  pipes,  or  length^ 
the  [lump,  which  are  nine  feet.  Short  pieces  are  laid  acnMt 
these,  with  half  circular  holes  in  ihtfm,  which  being  put  rooid 
the  pump,  just  beneath  the  flanches,  firmly  support  its  weight, 
but  may  quickly  be  removed,  when  it  is  required  to  lower  &e 
pumps  in  the  pit;  and  as  they  are  not  fastened  by  any  bolt 
they  do  not  prevent  the  pumps  being  drawn  upwards,  if  it 
becomes  necessary  to  take  out  the  pumps  when  the  pit  is  fill 
of  water. 

The  pumps  by  these  means  remain  stationary,  antl  tfae 
suction-pipe  lengthens  as  the  pit  is  sunk,  until  it  is  drawn  out 
to  its  full  extent;  the  whole  column  is  then  lowered  to  the 
next  stanches,  and  another  pipe  is  added  to  the  top.  The 
pumps  being  thus  kept  stationary  till  nine  feet  are  sunk,  the 
pipe  at  the  top  will  of  course  deliver  the  water  at  the  same 
level  at  all  times,  and  instead  of  being  obliged  to  lengthen  the 
column  at  every  yard  sunk,  it  will  only  be  necessary  every 
nine  feet. 

Fi^.  S  t9  expliins  the  constniction  of  Hr.  Bntnlon's  pump,  being  >  tee- 
tion  through  the  centre  of  the  workin|'-b>rrel  nnd  suction  piece.  A  ii  die 
door  which  unscPKWs  to  gret  at  the  clact  of  tlie  pump;  B  is  the  working- 
barrel  with  the  bucket  D  working  in  it;  E  ii  the  clack,  ilao  ihown  in  fip. 
3S0  and  2jl(  F  ii  the  suctian-plpe.  Mid  G  G  a  movable  lengthening  piece: 
thii  ilides  over  and  includes  the  other  when  the  pump  is  first  {tied;  but  m 
the  pit  is  BUtit,  it  slides  down  over  the  pipe  F,  to  reach  the  bottom.  Tte 
outside  of  the  inner  pipe  F  is  turned  truly  cylindrical  and  slbooth,  and  the 
iniidc  of  Itic  outer  pipe  G,  at  the  upper  end  for  about  six  inches  down,  ii 
made  to  fit  it.  The  junction  is  made  perfect  by  Icattiets  being  placed  in 
the  bottom  of  the  eup  on,  which  ho1d»  water  and  wet  clay  over  them,  to  keep 
them  wet  and  pliable,  and  consequently  siMight.  The  lower  extremity  of 
the  suction-pipe  G  terminates  in  a  nose  8,  pierced  with  a  number  of  small 
holes  that  it  may  not  take  up  dirt.  I'hil  noM  in  not  placed  in  a  line  with  the 
pipe,  but  cun'cd  to  one  aideof  it  like  acnuik,  au  as  to  describe  a  circle  when 
turned  round- 
By  this  means  the  miners,  by  turning  it  round  upon  the  pipe  F<  ciA 
always  place  the  nose  R  in  the  deepest  part  of  the  pitt  and  when  thej  dig 
or  blast  a  deeper  part,  they  turn  the  nose  about  into  it,  the  sliding  tube 
lengthening  down  to  reach  the  bottom  of  the  hole,  is  shown  in  the  figUK- 
lly  this  means  there  is  never  a  necessity  to  set  a  shot  for  blasting  so  htm 
the  pump  foot  as  to  put  it  In  any  danger  of  being  injured  by  the  explonori^ 
as   h  the  case  of  the  conuoon  pump,  iu  whica  this  danger  ««i  oo^  ba 
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avwded  by  mawimg  the  pump  foot  to  one  tida  of  ^  pk»  wluoh  nfriimil^y 
throws  the  whole  column  of  pumps  out  of  the  perpencuculsr. 

The  construction  of  the  clack  is  explained  by  figures  250  and  351»  the 
Ibnner  being  a  section  and  the  latter  a  plan.  L  L  is  a  cast-iron  rinfi^,  fittin|f 
into  a  conical  seat  in  the  bottom  of  the  chamber  of  the  pumpy  as  uown  in 
fi|^.  349$  it  has  two  stems,  /  (  rising  from  it  to  support  a  second  iron  ria|f 
M  M;  just  beneath  this  a  bar  m  extends  across  from  one  stem  to  anothert 
^  and  has  two  screws  tapped  through  it;  these  press  down  a  second  croii 
^  bar  n,  which  holds  the  leather  of  the  valves  down  upon  the  cross  bar  of  tho 
ring  L»  and  this  makes  it  &st»  forming  the  hinge  on  which  the  double  valves 
open,  without  the  necessity  (^making  any  holes  through,  as  is  comment  but 
the  chief  advantage  is,  that  by  this  means  the  clack  can  be  repaired,  and  A 
new  leather  put  in,  with  far  less  loss  of  time  than  at  present,  an  otjject  of  the 
greatest  importance;  for  in  many  situations  the  water  gathers  so  nst  in  the 
pit,  that  if  the  clack  fails,  and  cannot  be  quickly  repaired,  the  water  risee 
above  the  clack  door,  so  as  to  prevent  any  access  to  it,  and  there  is  no 
remedy  in  the  common  pump  but  drawing  up  the  whole  pile  of  pmnps^  whidi 
is  a  most  tedious  and  expensive  operation. 

In  Hr.  Brunton's  pump,  the  dack  can  at  any  time  be  drawn  out  of  i^  by 
first  drawing  out  the  bucket,  and  letting  down  an  iron  prong  Z,  which  has 
hooks  on  the  outride  of  its  two  points;  this,  when  dropped  down,  will  fall 
into  tiie  ling  M,  and  its  prongs,  springing  out,  will  eaten  the  under  ride,  and 
tiold  it  fast  enough  to  dntw  it  up.  Another  part  of  Mr.  Brunton's  improve- 
meot  mnriifs  in  the  addition  of  a  pipe  H,  (fig,  349,)  which  is  osst  at  the 
same  time  with  the  barrel,  and  communicates  with  it  at  top  and  bottom^ 
just  above  Uie  clack;  at  the  upper  end  the  pipe  is  covered  by  a  flat  slicUng 
plate,  which  can  be  moved  by^  a  small  rod  bt  passing  through  a  odlar  of 
iMthcr;  the  rod  has  a  commumcarion  by  a  lever,  so  toat  the  valve  can  be 
opened  or  diut  by  the  men  in  the  bottom  of  the  pit. 

The  object  of  this  side  pipe  is  to  let  down  such  a  propor- 
tion of  the  water  which  the  pump  draws,  as  will  prevent  it 
drawing  air;  though,  of  course,  the  motion  of  the  engine  will 
be  so  adapted  as  not  to  require  a  great  proportion  of  the 
vater  to  be  thus  returned  through  the  side  pipe  ;  yet  it  will 
not  be  possible  to  work  the  engine  so  correctly  as  not  to  draw 
some  without  this  contrivance ;  and  if  it  does,  it  draws  up 
much  dirt  and  pieces  of  stone  into  the  pump,  besides  causing 
the  engine  to  work  very  irregularly,  in  consequence  of  par- 
tiaUy  losing  its  load  every  time  the  air  enters  the  pump.  An- 
other service  of  the  side  pipe  is,  to  let  water  down  into  the 
chamber  of  the  clack  to  fill  it,  when  the  engine  is  first  set  to 
work,  after  the  pumps  have  been  standing  still,  and  the  lower 
part  of  the  barrel  and  chamber  are  empty. 

11.  Figures  252  and  253  are  a  section  and  elevation  of 
a  three-barrel  force-pump,  of  a  very  good  construction,  which 
was  used  by  Mr.  Smeaton  in  the  numerous  water-engines 
which  he  erected  at  London-bridge,  Stratford,  and  other 
places,  for  the  supply  of  towns  with  water.  It  has  the  ad- 
vantage of  the  valves  being  very  accessible,  and  the  water-way 
may  be  kept  to  the  full  size  df  the  barrel  without  contractions^ 
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fire^ngtAC,  and  appears  to  have  been  first  applied  to  llii 
pump  by  Mr.  Mylne,  lo  exhaust  the  water  from  the  caistooi 
at  BUckfriars-bridge.  It  has  thence  been  transferred  to  tbe 
marine  by  Capt.  Bentincb.arter  having  received  some  matetiit 
additions  lo  answer  that  service. 

The  lioks  of  thr  ch»in,  (fig-  255,)  are  each  rormed  of  two  Iadb  pbtn  at 
iron,  t  r,  u-ith  a  bole  at  each  end,  and  filed  Xogtiiiew  b>'  two  boTu,  serriit 
M  pills  for  the  juinls.  The  buckets  or  saucetB  fiicd  upon  it,«c  two  circnia 
pUXet  at  bnss,  g,  with  *  piece  of  leather  btln-een  thSm.  The  sprockcl- 
WherU  for  tlie  cluin  are  fonard  in  (he  same  manner  a.s  the  tnindles  iiaed  b 
millii,  by  tvo  iron  wbccU  fixrd  nt  ci|^it  inches  digtancc  upon  the  Kxlca,  ind 
UBitvd  b;  KvcnJ  round  iron  bolti,  forming  a  reit  for  the  choiiii  uul  iu 
links  have  books,  b,  which  are  taken  bj  these  bolts,  and  thus  the  chain  ii 
•ecuivil  upon  the  wheel,  to  prc^■cnl  it  from  jerking  bick  when  charged  witS 
■  column  of  water. 

This  pump  was  a  groat  improvement  upon  the  old  chain- 
pumps  used  in  ships  before,  in  which  the  chain  vna  of  too 
complicated  a  fabric,  and  the  sprocket-wheels  used  to  work 
it  were  deiicient,  in  wanting  some  contrivance  to  prevent  the 
chain  from  sliding  or  jerking  back  upon  the  surface  of  the 
wheel,  which  frequently  happened  when  the  buckets  were 
charged  with  a  considerable  weight  of  water,  or  when  the 
pumps  were  violently  worked.  The  links  were  loo  short,  and 
Ac  awkward  manner  in  which  they  were  connected,  exposed 
them  to  a  great  friction  in  passing  round  the  wheels:  neoee 
they  were  sometimes  apt  to  break  or  burst  asunder  in  very 
dangerous  situations,  when  it  was  extremely  difficult  or  im- 
practicable to  repair  the  chain. 

Mr.  Cole^s  pump  is  so  constructed,  that  the  chain  may 
be  easily  taken  up  and  repaired,  when  broken  or  choaked 
with  ballast;  and  it  discharges  a  much  greater  quantity  of 
water  with  an  inferior  number  of  men,  as  appears  from  a  trial 
«f  this  machine  with  the  old  chain-pump,  aboard  the  Seaford 
frigate,  where  it  was  found  that  its  effects,  when  compared 
with  the  latter,  were  as  follows: — The  new  pump  with  four 
men  raised  one  ton  of  water  in  43j  seconds,  while  the  old 
pump  required  seven  men  to  raise  the  same  quantity  of  water 
in  76  seconds. 

In  this  experiment  the  chain  of  the  new  pump  was  pur- 
posely broken,  and  dropped  into  the  well,  and  afterwards 
taken  up  and  repaired,  and  set  to  work  again  in  two  minutes 
and  a  half;  then  the  lower  wheel  of  the  pump  was  taken  out, 
to  show  how  readily  it  might  be  cleared  and  refitted  fiv 
action,  after  being  choaked  with  sand  or  r^ravcl,  which  could 
be  performed  in  four  or  live  minutes.  These  are  advantages 
which,  with  a  seaman,  have  a,  superior  consideration  to  that 
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of  iDcreasitig  the  quantity  of  water  which  the  machine  will 
raise,  unless  it  was  in  a  considerable  degree ;  and  indeed  the 
very  best  pumps  will  not  raise  a  much  greater  proportion  with 
the  same  power* 

The  only  alteratiob  which  has  been  made  on  Mr.  Cole's 
pump,  since  its  first  introduction,  near  thirty  years  ago,  is, 
that  they  now  omit  the  lower  sprocket-wheel  altogether,  the 
ascending  and  descending  pipes  being  so  united  by  a  curved 
metal  tube,  that  the  chain  passes  better  than  if  a  wheel  was 
used*  The  cranks  are  made  to  take  off,  and  apply,  when 
wan.tcd,  that  they  may  not  be  in  the  way;  they  are  long 
enough  for  thirty  men  to  work  at  once ;  ot  late  it  has  been 
proposed  to  add  fly-wheels  to  them*  This  would  be  attended 
with  but  slight  advantage,  and  several  inconveniences  from 
occupying  that  room  where  the  men  should  stand  to  work,  it 
being  an  object  to  employ  as  many  as  possible ;  but  if  they 
are  crowded,  they  only  incommode  each  other  instead  oif 
assisting. 

14*  The  following  simple  and  ingenious  method  of  working 
a  ship's  pump,  when  the  crew  are  either  too  few  in  number, 
or  too  much  exhausted  to  attend  to  that  du^  when  the  per- 
formance is  most  necessary,  namely,  in  a  heavy  gale,  was 
put  in  practice  with  great  success  by  Capt.  Leslie,  of  the 
ship  George  and  Susan,  on  a  late  voyage  from  Stockholm  to 
North  America.  He  fixed  a  spar  aloft,  one  end  of  which 
was  ten  or  twelve  feet  above  the  top  of  his  pumps,  and  the 
other  projected  over  the  stern ;  to  each  end  he  affixed  a  block 
or  pulley.  He  then  fastened  a  rope  to  the  spears  of  the 
pump,  and  after  passing  it  through  both  puUies  along  the 
spar,  dropped  it  into  the  sea  astern.  To  the  rope  he  fastened 
a  cask  of  110  gallons  measurement,  and  containing  60  or  70 
gallons  of  water*  This  cask  answered  as  a  balance-weight, 
and  every  motion  of  the  ship  from  the  roll  of  the  sea  made 
the  machinery  work.  When  the  stern  descended,  or  when 
a  sea  or  any  agitation  of  water  raised  the  cask,  the  pump- 
spears  descended ;  and  the  contrary  motion  of  the  ship  raised 
the  spears,  when  the  water  flowed  out.  The  ship  was  cleared  out 
in  four  hours,  and  the  crew  were  of  course  greatly  relieved. 

15.  Hand-pumpa  have  been  constructed  in  great  variety  for 
the  use  of  ships ;  and  as  they  are  of  great  utility,  we  shall 
describe  two  or  three  of  the  best. 

The  ingenious  Benjamin  Martin  invented  a  ship's  pump 
widi  two  barrels  drawing  from  one  suction-pump,  so  as  to 
raise  a  constant  stream. 
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iiini      iM  so  much  merit,  that  wc  hive  piten  *  MClioa  of  it,  fip.  3i(i. 

HUCtian-pipe,  cunductin^  the  water  rrom  the  ship's  bold  up  Id 

me  it  IS  cnlirg^ed  to  pom  muni  cjite  vrith  both  baitels  D  D, 

■„,  Ivei  C  C,  in  the  botlomi  E  E  u«  the  piitons  of  the  bairdi, 

•  ^  vRlvesin  them;  they  are  not,  like  nther  pistoas,  fitted  to  ilide  in 

but  ore  simply  hrass  rin^  in  whiclt  the  valru  we  fitteil,  and 

■uiicr  tliati  the  bwrels,  have  lar^  circiUar  pitcci  of  Icatbei'  fi«ed  on 

,  uie  outside  ed^i  of  which  are  Httxched  to  the  iii^des  of  the  pinnp- 

l.ii  hence,  when  the  pistons  are  moved  up  and  <lowii,  the  leather  folds 

ientlf  to  admit  the  motion,  as  il  shown  in  the  figure;  but  being  close 

und,  these  piitoiu  can  bare  no  leakage  or  friction,  and  only  a,  sm&U  tt- 

ce  Irom  the  sliflneM  of  the  leather. 

,  fasten  the  cilg^s  of  the  trather  piston  to  the  barrels,  tliey  are  made  in 

two  lengthn,  an  upper  and  a  lower,  and  tlic  leatlier  is  introduced  in  the  joint 

between  them,  being  half  fast,  and  tlie  pump  kept  together  by  bars  1 1,  fixed 

tlie  barrels,  and  bolts  to  press  the  upper  length  of  the  barrels  do«n 

the  lower.    Both' the  barreU  are  iucmded  witbin  a  box  or  cistern  BB, 

upon  the  ship's  deck,  with  trunks  LL,  which  carry  off  the  vster  aiit 

iiuu  over  the  top«  of  tlic  barrels  into  the  ciEtcm.     The  pump  is  vorkcd  by 

piston-rods  II II,  being  united  by  chiuns  to  n  wheel  K,  the  aije  of  wludi  is 

supported  by  standards  from  the  sides  of  the  cistern  B  H,and  is  put  in  motion 

by  the  doulile  lever  M,  at  the  end  of  whirh  cross  handles  arc  fixed  for  several 

men  to  work  at  once.    Mr.  Hartiu's  pump  acts  cxtrelncly  wetli  the  constant 

stream  raised  by  the  alternate  action  uf  two  barrels  upon  one  pipe,  produces, 

an  ad%'antage  Olat  was  shown  by  experiment,  for  Ihe  water  not  only  rises 

-rhile  the  piston  rises,  but  continues  to  do  so  even  afler  tlie  piston  be^ns  to 

I'lcendj  and  therefore  the  pump  was  found  to  deliver  more  water  than  was 

ecled  fhjm  the  calculatioa  of  the  contents  of  the  barrel,  and  the  numh«r 

trokes  made. 

To  account  for  this,  it  must  be  considered,  that  as  this 
pump  has  both  its  large  pistons  working,  (alternately  asccnd- 
ing  and  descending,)  at  the  same  time,  there  must  be  pro- 
duced a  constant  rising  column  of  water  in  the  pipe,  whose 
velocity  through  a  bore  of  five  inches,  to  supply  the  barrels 
of  twelve  inches  diameter  each,  must  be  so  great,  that  it  can- 
not be  checked  or  stopped  at  once,  or  upon  the  first  descent 
of  the  piston  ;  and  therefore  a  surplus  of  water  is  produced. 
Notwithstanding  these  advantages  of  Mr.  Martiu's  pump,  it 
has  objections,  which  are  serious  obstacles  to  its  use  on  board 
ehips,  though  in  other  situations  it  is  a  good  machine :  these 
are,  the  shortness  of  its  stroke,  which  renders  it  very  fatiguing 
for  men  to  work  for  a  long  time  ;  but  another  more  serious 
objection  is,  that  the  leather  would,  in  general,  remain  dry, 
and  thus  become  liable  to  harden  and  grow  stiff,  so  as  to 
break  into  holes  when  used  at  first,  before  they  become  soak* 
ed,  and  to  fill  the  cistern  first  with  water  would  be  very  trou- 
blesome. 

16.  The  latest  improvements  in  hand-pumps  are  by  CapL     , 
Jekyl,  R.  N,  This  gentleman  has  invented  an  addition  to  ttie 
pump  of  an  air-vessel,  and  stuffing-box  for  the  rod  to  pass    ' 
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through,  by  which  it  wiU  raise  the  water  to  a  greater  height 
than  we  head  of  the  pump ;  and  a  hose  being  attached  to  the 
pump-spout,  by  very  simple  means,  the  water  is  conveyed  to 
any  part  of  the  ship,  and  thrown  in  a  jet  through  a  hose-pipe 
with  great  force,  to  extinguish  fire,  if  such  a  calamity  shouJd 
befall  a  ship ;  and  thus  the  pump  is  rendered  of  twofold  ser- 
vice. The  idea  of  converting  the  pump  to  a  fire-engine  is  not 
new,  having  been  attempted  in  many  different  ways  by  forcing- 
pumps;  but  these  having  pipes  proceeding  from  the  lower 
parts  of  the  barrels  and  valves,  which  are  not  very  accessible^ 
are  always  liable  to  choke  up  by  obstructions,  and  have  not 
succeeded  in  general  use.  The  air-vessel  has  always  been  in 
the  way,  if  made  of  a  suflScient  size  to  answer  the  purpose  of 
equalizing  the  stream.  Capt.  Jekyl  has  obviated  these  objec- 
tions, and  without  altering  the  material  parts  of  the  hand- 
pump,  has  rendered  it  as  complete  a  fire-engine  as  can  be 
wished. 

This  is  explained  by  figure  257,  which  is  a  section  of  the  pump  through 
its  whole  lei^gth.  A  B  C  is  the  iron  brake  or  lever  to  work  it;  it  is  branched 
to  the  extreme  end,  and  has  a  wooden  pole  C,  fixed  in  it,  for  several  men 
to  hold  at  once;  D  is  the  iron  stanchion  or  fulcrum  of  the  brake;  it  is  fixed 
to  the  pump-head  by  means  of  strong  iron  hoops  at  £  E  and  F  F,  which  at 
the  same  time  strengthen  the  work  of  the  pump.  The  centre-pin  is  to  be 
at  the  height  of  two  feet  six  inches  above  the  ship's  deck.  II  arc  the  slings 
of  the  pump,  united  by  a  forelock  or  pin  to  the  end  of  the  brake,  and  sus- 
pending the  pump-spear  I,  by  means  of  the  joint-piece  g.  I  K  is  the  pump- 
spear,  made  of  copper  in  the  upper  part  I,  and  the  lower  length  K  of  iron ; 
the  latter  has  the  bucket  M  attached  to  it.  The  valve  of  the  bucket  is  made 
in  a  very  simple  and  elective  manner,  the  valve  being  merely  a  round  plate 
of  brass,  with  a  hole  through  the  centre,  to  receive  the  rod  upon  which  it 
rises  and  falls,  and  covers  the  aperture  in  the  bucket.  The  bucket  is  a  ring 
of  brass,  with  a  cross  bar  to  fix  the  rod  in;  it  is  made  in  two  thicknesses, 
one  above  the  other,  and  a  cup  of  leather  is  held  in  between  them,  projecting 
aU  round  the  upper  part  of  the  bucket,  and  turning  up,  to  make  a  tight 
fitting  in  the  barrel.  The  two  ring^  of  the  bucket  are  held  together  by  the 
piston-rod  passing  through  both,  and  a  cross  wedge  beneath.  L  is  the  brass 
chamber  in  which  the  bucket  works;  it  is  well  fitted  into  the  wood  of  the 
pump-tree;  so  that  the  water  cannot  leak  by  it,  and  is  bored  smooth  withiii- 
side. 

N  is  the  lower  box,  fitted  into  the  lower  part  of  the  pump-tree,  bencatli 
the  chamber;  it  has  a  g^ove  round  it,  into  which  oakum  is  placed,  and 
when  it  is  put  down,  miJccs  a  tight  joint;  its  valve  is  of  tlie  same  construc- 
tion as  that  of  the  bucket,  with  tlie  addition  of  a  rin^  or  eye  on  the  top  of 
Uie  pin,  on  which  the  valve  rises  and  falb.  By  tins  eye  the  box  can  be 
drawn  up  when  it  needs  repair,  by  first  drawing  up  the  bucket  of  the  pump, 
and  putting  an  iron  down  into  tliis  eye.  O  O  P  is  the  air-vessel;  this  is  a 
<:ylinder  of  sheet-copper,  soldered  to  a  cover  of  brass;  within  the  centre  of 
it  is  a  tube  likewise  soldered  to  the  cover,  tliroucph  which  tlie  copper  pump- 
spear  passes,  and  is  fitted  round  at  top  with  a  collar  of  leather  and  stuffing. 
To  prevent  the  escape  of  the  water,  it  is  packed  witii  hemp,  and  two  rings 
«f  leather.    It  shows  the  place  <>f  tv\'o  iron  l>iirs  fitted  tlirough  tlie  head  of 
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the  pump,  and  confining  the  cover  O  O,  of  the  mir-Tessel;  they  are  ikstened 

by  the  wedges  d  ;  it  is  by  these  only  that  tlie  air-vessel  is  held  dowii«  a  circle 
of  Icatlicr  is  first  put  round  the  air-vessel,  just  beneath  its  lid,  and  this  being 
pressed  upon  the  recess  in  the  wood,  makes  the  joint  tight.  T  is  the  pump- 
nozle,  which  delivers  the  water.  When  it  is  used  as  a  fire-engine,  a  hose 
is  fixed  on  by  its  link-joints,  and  keys  or  wedges;  tlie  nozle  is  fixed  to  the 
pump  by  four  screw-bolts  gt)ing  through  the  thickness  of  the  pump,  and  it 
IS  fixed  in  such  a  direction  as  will  most  conveniently  lead  to  a  receiTcr, 
fig.  258,  which  unites  the  hose  from  all  diree  of  the  ship's  pumps. 

Fig.  259  is  the  link-joint  of  the  hose,  T  representing  the  pump-spout, 
made  of  cast-iron,  and  screwed  to  the  pump-tree;  «  f  is  the  coll^  or  socket, 
made  of  brass,  with  the  hose  X  bound  upon  it;  this  has  two  trunnions,  on 
which  a  link  /  is  fitted,  one  on  each  side;  these  links  pass  through  grooves 
in  the  cast-iron  piece  T,  and  a  key  g^  put  down  through  the  link  behind  it, 
draws  the  joint  tight,  without  any  screwing  or  further  trouble.  The  socket 
e  e  is  fitted  into  the  nozle,  and  has  a  leather  ring  to  Diakc  it  tight.  The 
outside  of  the  pump  is  to  be  hooped  at  even'  three  feet,  to  prevent  it  from 
bursting  by  the  pressure  of  the  water.  The  disposition  of  the  three  hand- 
pumps  in  a  ship's  well,  renders  their  connection  with  a  common  receiver 
very  convenient  to  bring  all  tlic  water  into  one  stream,  which  will  then  be 
\cr>-  powerful,  and  more  capable  of  extinguishing  a  fire  than  any  movablt 
engine. 

Two  hand-pumps  are  always  placed  on  the  starboard  side  of  the  main- 
mast, in  the  well;  and  one  of  them  being  the  cistern-pump  used  for  wasliing 
decks,  its  foot  stands  in  a  small  cistern  fixed  upon  the  step  of  the  mainmast, 
and  supplied  with  water  by  a  pipe  tlirough  the  ship's  side,  with  a  cock  ts 
admit  it  at  pleasure;  there  is  one  pump  on  tlie  larboard  side  of  the  nist. 
Three  separate  hoses  being  united  with  each  of  the  pumps  by  a  link-joint, 
like  fig.  259,  at  one  end,  and  with  three  necks  A*  A-  A,  of  a  receiver,  ftg.  358, 
by  similar  joints  at  the  other,  brings  all  the  water  into  one,  and  a  hosa  being 
joined  by  a  link-joint,  /,  to  the  opposite  end  of  the  receiver,  convevs  the  whole 
water  to  any  part  of  the  ship.  'Phe  receiver  has  three  iio/lcs,  A'ArAr,  at  one 
culI,  iniidc'  in  a  divergent  direction,  agreeable  to  the  direction  in  which  the 
Jioscs  come  from  the  throe  different  pumps,  and  a  valve  is  placed  in/nie, 
fiofore  each  hose,  to  open  inwanls,  in  order  tlwit  tlie  receiver  may  ])c  used  for 
one  or  two  pumps,  wliilst  the  others  are  rcpalriiic^  or  j>;"clting  ready,  or  that  it 
any  of  the  hoses  hurst,  the  water  may  not  cscajjc  from  tlie  recei\er  at  the 
iio/.lc.  There  arc  two  handles  fixed  to  llie  re<*ei\cr,  to  lift  and  carry  it,  a>  it 
is  to  be  movable;  and  when  in  use,  is  propt^-.*.  d  to  he  laid  upon  tlie  grating  of 
the  main  halehway,  as  the  niost  central  situ:i"'.on,  from  whence  the  hose  nuy 
be  carried  in  any  direction.  Z  is  a  l)r;incli-pipe  or  jet,  .screwi'd  at  llic  end  c»l 
llie  great  hose  X;  and  it  also  unscrew^  al  the  extreme  end.  to  lit  on  jet<  ol 
dill'en.iil  bores,  in  the  same  manner  as  ull  o'her  fiie-eiij/incs.  In  woikiii.;', 
the  pressure  of  the  water  condenses  the  air  contained  within  the  receiver, 
O  O  1*.  into  a  small  space,  and  its  rcactiv;ii  to  resume  ilb  former  !)ulk  ctiualizci 
the  elHux  of  the  water  ftom  the  nozle  of  tiic  jJUUip. 

In  some  experiments  whltli  we  have  witnessed  upon  this 
pump,  it  perlormcd  as  well  as  could  be  desired,  a  single  pump 
forming  a  very  eflfective  engine  ;  but  when  the  three  were 
combined,  it  was  superior  in  force  to  any  we  have  ever  seen, 
and  would  throw  a  stream  of  an  inch  in  diameter  over  the 
maintopmast-hcad  of  a  r4-gun  ship. 

nesides  the  leng-th  of  the  handle  C  admitting^  sevcriil  men  to  work  a' 
once,  an  accession  of  force  is  ^in^d  by  a  ropa  »«  made  fast  to  the  brake  A  B« 
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And  conducted  through  a  angle  block  hooked  to  the  deck  it  f»,  attd  thence 
along, the  ihip's  deckj  at  tbds  any  number  of  men  may  be  employed 
very  advantageously  to  produce  the  atroke,  leaving  those  at  the  handle  mdy 
to  return  it  by  Ufting  the  handle.  If  the  ship  prqves  leaky,  and  the  stuffinjp- 
box  ia  thought  to  be  an  obstruction  to  the  wOTkuig  of  the  pump,  the  air- 
vessel  may  be  taken  out  by  drawing  the  wedge  d^  and  taking  out  the  bsri  R» 
which  confine  it;  then  aner  taking  out  the  key  which  connects  the  joints 

Siece  g  with  the  copper  rod,  also  removing  the  brake,  lift  out  the  air-vessel 
y  the  two  screws  of  the  stuffing-box,  and  fix  on  the  joint-piece  again,  but 
fix  the  guide-eye  H  in  the  lowest  pair  of  holes,  so  that  it  will  receive  the  top 
<if  the  copper  rod,  and  prevent  the  pump-spear  from  having  any  play  in  the 
flUngs. 

In  this  state  it  acts  as  a  common  hand-pump  ;  but  tl^e  air't* 
vessel  can  be  restored  to  its  place,  and  be  ready  for  work,  in 
two  minutes. 

To  prevent  any  of  the  work  from  being  neglected  from 
carelessness,  the  inventor  proposes  that  one  of  the  pumps 
shall  be  always  used  to  wash  the  ship  by  the  hose  and  jet 
every  morning,  which  it  would  do  much  more  effectually  than 
by  the  present  mode  of  raising  the  water  into  buckets ;  and 
the  force  with  which  the  jet  of  water  is  thrown  would  very 
completely  wash  into  every  recess  of  the  gun-carriages,  and 
other  places  where  a  brush  cannot  reach ;  while  by  diis  con- 
stant exercise  the  pumps  would  be  always  ready,  at  a  mo- 
ment's notice,  upon  an  alarm  of  fire. 

17.  Mr.  Robert  Clarke,  of  Sunderland,  has  proposed  a  great 
improvement  in  the  mode  of  applying  men's  force  to  pump- 
ing, which  is  worthy  the  consideration  of  seamen.  It  is  to 
change  the  posture  of  standing  to  sitting,  and  making  the 
action  the  same  as  that  of  rowing,  which,  besides  that  it  is 
by  philosophers  considered  as  the  most  eflScacious  application 
of  a  man's  force,  it  is  to  seamen  most  particularly  so  from 
their  habitual  practice  of  it.  He  objects  to  the  ordinary 
action  of  pumping  with  a  brake,  as  the  posture  is  weak,  and 
requires  much  force  to  preserve  it.  It  oppresses  the  man  by 
overstretching  his  loins  on  one  side,  and  incommodes  respira- 
tion by  the  flexure  of  the  body  on  the  other  side.  Too  much 
moUon  of  the  shoulder-joint  is  required,  as  the  muscles  which 
act  on  the  arm-bone  at  this  joint  are  disproportionate  to  the 
effort  they  must  make  when  the  arm  vibrates  on  the  shoulder- 
joint  as  a  centre,  for  the  force  to  be  communicated  by  the 
liand.  Besides  this,  the  arms  themselves  are  at  one  instant 
enfeebled,  by  being  thrown  over  the  head,  and  requiring  a 
pull,  and  the  next  instant  require  a  pushing  effort,  which 
changes  of  direction  in  the  exertion  and  restraining  force  are. 
too  continual  and  rapid  for  long  continuance ;  in  standing 
:.Aie  body  is  a  continued  dead  weight  upon  the  legs. 
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■M  >d  of  rowing  is  powerful  ma 

.'il  adapted  to  a  mnii'i  ease,  that  bs  caa 

aicr  Ungth  of  ittae  wiihoui  fktigoe  ihfta  asjr  ■ 

m :  for  tbaugfa  the  mabaa  ik  IJUge.  it  is  i 

fl  liodi  in  uvcrat  Jmdu,  the  reloci^  and 

.men  suit  the  nu»cle»  employnl.     Vcrr  Ittde 

cc   is   required,  for  ibe  body    is  supporttdi  saa 

uoioaded  to  iu  charge  :  the  breathiag  it  free.    Tlw 

of  carryiog  this  into  effect  it  very  lieopic,  the  kvcr  or 

bciDg  bent  ai  right  angles  at  a  certain  pin,  »  that   it ' 

straight  down  when  it  it  at  rest,  instead  of  beiitg  hocix 

en  to  the  loiver  cxtremii}-  a  rod  is  jotatcd,  which  ia  ami 

ther  in  an  inclined  dirccdoa  upwards  to  the  »f«n— ,  lAoia 

Kaied  before  the  pump  with  a  rest  for  hit  feet.     The  ndkaf 

a  crofts  handle,  to  hold  bj-  both  haiuls,  and  in  wawcMmk 

mav  be  made  loog  enough  for  two  men  to  «t  ade  hf  mttwuj^ 

the  maine  scat ;  and  by  drawing  and  pushing  it  is  Aa  mttr 

maoacr  as  rowing,  the  perpendicular  lerer  iscatucd  tonhnttt 

aad  the  borizottial  arm  or  bended  pan,  which  «wpr»d>  As 

puoDp-spear,  partakes  of  the  motion  (uAcietitlf  for  tw|«ig.     t 

18.  M.  de  Boanard,  speaVing  of  the  phtatu  of  pwrnft^'in  \ 
the  Javmaldft  ^Vinec,  ataiet,  that  the  leathers  widi  wluehAt  j 
external  drcumfercoce  of  the  pistons  of  pumps  an  eomcd,  I 
are  qutcUf  worn  out  by  the  continual  friction  whxA  dirt^ 

undergo,  and  ihe  renewing  of  them  is  an  objectof  con»den!w 
expense  in  targe  mining  undertakings. 

The}'  have  therefore  used  in  Saxony,  for  some  yean  past, 
pistons  without  these  external  leathers  in  sacking-pomps, 
and  to  render  the  upper  part  of  the  piston  clastic,  by  eoai- 
posing  il  of  pieces  of  wood,  which  expand  or  open  wncn  the 
juston  lises,  and  close  when  it  descends. 

To  obtuD  this  effect,  the  put  of  the  piston  wUeh  fttOM  a  battel.  ■• 
composed  of  a  ayitcm  of  nuil  morsblc  piecei  of  wood  *»m,  figwctSBI 
tnd  2G1,  cut  obliquelj,  tnd  disposed  so  u  to  cotct  each  o&er  DcnfybtK 
tbeiT  brrullh^   k  leather  which   coren   the  upper  sui&ce  of  etcb  of  AOM   j 
{ueccs,  KFTcm  to  suitiin  them,  uul  fet  lUow  then  luficicat  play.     T*ttS  1 
under  put  of  the  UlItm,  pieces  of  leather  tre  ttttcbed,  wliich  tSonl  tlMM  d  J 
the  eluticitv  that  is  necesnr;  .      These  leiihen  *n  received  into  db  Ait  V 
tn  cut  round  the  pLston,  uid  directed  obliquely  to  its  edgesi  tbej  wr  bud 
to  the  piece*  of  irood  b;  nuls,  the  extremities  of  which  corrcqxjod  vith  AS 
notches  t  tc,  tnd  to  the  ed^i  of  the  >oUd  part  of  the  piston  hf  the  (OMS-^ 
ddd.     By  thit  disposition  each  piece  of  wood  is  ntOTmblc  upoa  >  tort  «' j 
honzontaJ  hin^,  and  wben  the  piston  Is  nised,  the  vei^t  of  the  Ttter  wiA  | 
which  it  is  charged,  by  opening  all  these  pieces,  causes  them  to  pnm 
■I^DSt  the  other,  and  against  the  sides  r  r  of  the  barrel  of  the  polBfli : 
not  to  let  my  of  the  v^ater  escape,  and  la  produce  cotnpkt^  the  eBh 
a  piston  fimUhed  witli  lettlter.    The  inichor  edges  of  etch  vt  tfaa  JHB, 


IT 
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the  movible  pieces  tfeeofwed  two  bj  two  witiblesdierMiteec^fig.  961, 
14MH1  which  the  weight  of  Hie  water  acts  ai  upon  the  ^ecet  themtehrei. 

All  these  leathers  last  a  very  long  time,  as  well  as  those  of 
die  Slickers,  because  they  are  not  exposed  to  any  friction,  which 
I    mfy  acts  upon  the  movable  pieces  of  wood.     When  the  pis« 
P.4Kaii  descends,  the  water  that  raises  the  suckers  finds  an  easy 
passage,  without  filtering  between  the  piston  and  the  interior 
of  die  barrel  of  die  pump;  an  effect  which  has  this  additional 
>  ooirrenience,  that  no  dirt  can  be  introduced  into  the  joints, 
^diich  might  afterwards  prevent  the  perfect  contact  of  ute  dif- 
ferent pieces. 

..  In  1806,  these  pistons  were  tried  in  several  mines  in  SajSbnyi 
jjl^nd  were  found  very  satisfitctory.  It  was  only  olMcrved  that 
^jj^Chere  was  some  inconvenience  attending  the  use  of  them  where 
fhm  wells  were  much  inclined ;  as  the  pressure  of  the  water 
not  being  equal  upon  all  the  movable  pieces  of  the  pis- 
those  that  were  least  pressed  upon  let  some  of  die  water 
JUM  between  them.  These  inconveniences  however  exist  only 
^^fn  the  ordinary  pistons. 

In  some  departments  pistons  widi  springs  are  sometimes 
uied,  which  are  composed  of  movable  rubbinp^pieces,  that 
are  subirtituted  for  the  leathers  that  are  ordinarily  employed. 
We  know  that  diese  pistons  are  used  with  advantage  in  the 
^^linders  of  some  blowing-engines;  but  in  these  pistons  the 
'  fttUiiiiff-pieces  are  constandy  forced  against  the  interior  sur- 
fim  ofthe  cylinder  bv  the  springs. 

hk  die  piston  witn  the  flexible  crown  of  wood,  which 
M.  Bonnard  has  described,  the  movable  pieces  of  wood  that 
compose  it  do  not  rub  against  the  interior  surfiice  of  die 
t^  barrel  of  the  pump,  except  when  the  piston  ascends,  being 
then  pushed  by  the  weignt  of  the  column  of  water  that  is 
raised,  and  they  scarcely  rub  at  all  against  the  surface  when 
die  piston  descends.  This  peculiar  effect  assimilates  this 
iston  with  those  that  have  a  flexible  crown  of  leather,  or 
bucket,  and  gives  it  a  decided  advantage  over  pistons  with 
f>iq|irings  and  cushions.  In  other  departments  pistons  with 
a^ngs  are  sometimes  used,  which  move  in  cylinders  of 
cast-iron. 

Theae  ptstons  are  compoaed  of  four  piecea  of  braaa,  aaam,  figarea  262 

263,  which  are  each  about  three  centimetrea  in  height  and  thickneaa^ 

are  pushed  horizontally  by  two  aprings,  hbbb.    Thoae  pieoesy  which 

f  we  ahall  call  quadnaitfl*  in  order  that  none  ofthe  air  may  eaci4>e  when  they 

play  under  the  inequalitiea  of  the  cylinder  in  which  they  riae  and  descend, 

ae  each  of  them  something  longer  than  a  quarter  of  the  circumference  of 

e  eylinder,  and  towards  the  extrenutiea  they  are  reduced  to  half  the 


■  9f  tUi  BMMh  Ibesc  qiiidnnU  arc  perfeetlr  MTVered  at  tlic  extrcDuiiu^ 
•nd  pKMnt  tiba  pMftag^i'  nf  the  oJr  in  a  horizontal  ilirectioii,  vhile  the  tft' 
tiftopterentitspaeuigc  vcrticj-Uf. 

Xb  concluMOO  we  shall  observe,  that  these  pistons,  periectW 
joiaed,  have  been  proved  to  be  proper  for  driving  air  mui 
gre^t  force.  We  shall  likewise  observe,  thac  the  quadmta 
aaau  being  made  of  brass,  »n<l  rubbing  against  csut-irda, 
ought  to  Ult  a  very  long  time;  consequently,  the  blowing 
hate  mentioped  have  the  advantage  of  not  requiring  freqtWM, 
Tcpfun. 

IQ.  The  fiAnring;  plstoo,  described  and  re  com  me  Deled  bf 
BdUtev  Kcnu  as  perfect  as  the  nature  of  things  will  alltM 
Wc  atahdkerefbrc  describe  it  in  the  author*a  own  words,  i 
■  model  which' may  be  adopted  with  confidence  in  the  greateH 
wMka. 

'■nebodjof  the  pislon  isntmncate(linctilcoT)C,(Bg-  3G4,)h>miieaM 
ntet  at  the  grcftter  end.  Fig.  365  Aows  (lie  pro51e,ftadli^.  266ibet>lw 
.  It!  npper  base',  when-  appeoM  u  cross-bar  D  U.  pitrceil  with  ui  oblong  mt 
tiM  E  for  rcceiviw  the  tail  of  the  pistoii-rod.  A  bund  of  thick  and  wuftn 
leather  A  A,  (fn  3Gj  uml  307,)  a  put  round  thit  cone,  and  se<rur«d^  ■  bn 
hoop  BB,  fiia^r  ^^ '-'"  ""  itssiniLllccfntl,H-h(rrcit  ispreiiouslj  made  thkin 
tg  pve  room ftiF  the  l.oon. 

"  l^iia  piaton  is  ci)\  eru 
(fl»  968.)    TluM  pUte 
OBitarim.  TlMnaMsiInilu-nlataBbelDwthcl«ithen,afainiallerua^UMtt| 
may  1^  into  tbeboU-ow  nf  the  pllton;  and  the  leather  is  firmly  held^l^vcq 
the  metal  plates  by  Fcrows  H  U,  which  go  through  all,     Thk  is  reprcsarte 
by  thi-dottud circle  J  K.    Tliui  the  pre»surt' of  tlte  incutnhciit  column  of  water  k 
is  siipporlinl  by  the  pUtea  G  Ci,  whose  circular  edges  rest  on  the  brim  of  the  I 
water-nay,  and  thus  elrai)(h[  edges  rest  on  (be  cross-bar  D  U  of  liga.  26S  and 
2l\6.     Tliis  valve  is  laid  on  the  top  of  the  conical  box  in  such  a  manner  that 
its  niiiliUe  P  P  rests  on  the  cross-bar.     To  bind  all  together,  the  end  of  die 
pi«loil-rod  is  formed  like  a  r.roas,  and  the  arms  M  N,  (fig.  269,)  are  made  tn 
rest  oil  tile  diameter  F  F  of  the  valve,  the  tail  E  F  going  tbrou^  the  hole  K 
in  tbe  middle  of  the  leather,  and  through  the  mortise  E  of  the  croia-bar  of  the 
hox,  as  well  aa  tlirongh  another  bar,  U,  R,  (figs.  26"  and  268,)  whieh  is  notcbcd      | 
into  the  lower  brim  of  the  bo^■     A  hey  \'  is  then  driven  into  the  hole  I,  in 
Ibe  piaton-ro*!:  and  (his  wedg'es  all  fast.    The  bar  Q  R  is  made  strongi  and  it<     1 
oxti'umittes  projeet  a  little,  so  aa  to  support  the  brass  hoop  B  B,  which  biodi  ■'* 
the  leather  h;ind  to  the  pistoii-hox."  (  "a 

This  piston  has  every  advantage  of  strength,  tightness  aid^ 
large  water-way.  The  form  of  the  valve,  (which  has  given  it^ 
the  name  of  the  butterjly-vahe,)  is  extremely  favourable  M^ 
the  passage  of  the  water ;  and  as  it  has  but  half  the  niotia|FM, 
of  a  complete  circular  valve,  less  water  goes  back  while  it  i^^ 
shutting. 
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FIRE-ENGINES. 

When  fire  breaks  out  in  a  crowded  neighbourhood,  it  car- 
ries with  it  such  devastating  effects,  that  any  individual  who 
has  seriously  turned  his  attention  to  the  constructing  of  an 
engine  that  is  in  the  least  calculated  to  check  its  progress, 
must  ever  be  considered  as  deserving  of  our  praise.  Those 
who  have  most  beneficially  directed  their  attention  this  way 
are  Messrs.  Newsham  and  Rowntree,  whose  engines  we  shall 
now  proceed  to  describe. 

1.  A  perspective  view  of  Mr.  Newsham's  fire-engine, 
ready  for  working,  is  represented  in  fig.  270. 

It  consists  of  a  cistern  A  B,  about  three  times  as  long  as  it  is  broad,  made 
of  thick  oaken  planks,  the  joints  of  which  arc  lined  with  sheet  copper,  and 
easily  movable  by  means  of  a  pole  and  cross-bar  C  m,  the  foi'e  part  of  the  en- 
gine, which  is  so  contrived  as  to  slip  back  under  the  cover  of  die  cistern  and 
on  four  solid  wheels,  two  of  which  are  seen  at  I)  and  E.  The  hind  axle-tree, 
to  which  the  wheel  E  and  its  opposite  are  fixed,  is  fastened  across  under  the 
bottom  of  the  cistern;  but  the  tore  axle-tree,  bearing-  tlie  wheel  D,  &c.  is  put 
on  a  strong  pin  or  bolt,  strongly  fastened  in  a  horizontal  situation  in  the  mid- 
dle of  the  front  of  the  bottom  of  the  cistern,  by  which  contrivance  the  two 
fore-wheels  and  the  axle-tree  have  a  circular  motion  round  the  bolt,  so  that  the 
engine  may  stand  as  firm  on  rough  or  sloping  g^und  as  if  it  were  level. 

Upon  the  ground  next  to  the  hind  part  of  the  engine  may  be  seen  a  leather 
pipe  F,  one  end  of  which  may  be  screwed  on  and  off  upon  occasion  to  a 
brass  cock  at  the  lower  end  of  the  cistern;  the  other  end  is  immersed  in 
water,  supplied  by  a  pond,  fire-plug,  &c.  and  the  pipe  becomes  a  sucking- 
pipe  for  furnishing  the  pump  of  the  engine  by  its  working,  without  pouring 
water  into  the  cisteni.  To  the  hind  part  of  the  cistern  is  furnished  a  wooden 
trough  G,  with  a  copper  grate  for  keeping  out  stones,  sand,  and  dirt,  through 
which  the  cistern  is  supplied  with  water  when  the  sucking-pipe  cannot  be 
used.  Tlic  fore  part  of  the  cistern  is  also  separated  from  the  rest  of  its 
cavity  by  another  copper  grate,  through  which  water  may  be  poured  into 
the  cistorn.  Those  that  work  tlie  pumps  of  this  engine  move  the  handles, 
visible  at  the  long  sides,  up  and  down,  and  are  assisted  by  others  who  stand 
on  two  suspended  treadles,  throwing  their  weight  alternately  upon  each  of 
them,  and  keeping  themselves  steady,  by  taking  liold  of  two  round  horizon- 
tal rails  H  I,  framed  into  four  vcilical  stands  which  reach  the  bottopn  of  the 
cistern,  and  are  well  secured  to  its  sides. 

Over  the  hind  trough  there  is  an  iron  handle  or  key  K,  serving  to  open 
or  shut  a  cock  placed  under  it  on  the  bottom  of  the  cistern,  the  use  of 
which  we  shall  explain  in  the  sequel  of  tliis  article.  L  is  an  inverted 
pyramidal  case  which  preserves  tlie  pumps  and  air-vessels  from  damage, 
and  also  supports  a  wooden  frame  M,  on  which  stands  a  man,  who,  by 
raising  or  depressing,  and  turning  about  the  spout  N,  directs  tlie  stream  of 
water  as  occasion  requires.  This  spout  is  made  of  two  pieces  of  brass  pipe, 
each  of  which  has  an  elbow;  the  lower  is  screwed  over  the  upper  end  F, 
(fig.  271,)  of  the  pipe  that  goes  through  the  air-vessel,  and  the  upper  part 
screws  on  to  the  lower  by  a  screw  of  several  threads,  so  truly  turned  as  to 
be  water-tight  in  eveiy  direction.  The  conic  form  of  the  spouting  pipe 
serves  for  wiredrawing  the  water  in  its  passage  through  it,  which  occasions 
a  friction  that  produces  such  a  velocity  of  the  jet  as  to  render  it  capable  of 
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^  inndowiy  k.c,  whilft  the  Tal^es  and  leather  ]Mpes  of  the  engine  hue 

wfficient  water-way  to  supply  the  jet  in  Ha  greatest  velocity.  Leather  pipes 
of  considerable  length  may  be  screwed  at  one  end  of  tiie  node  of  theengiM^ 
and  furnished  at  one  end  with  a  wooden  or  brass  pipe  lor  guiding  the  vMcr 
into  the  inner  parts  of  houses. 

Between  the  pyramid-box  L,  and  the  fore  end  of  the  engine,  there  k  a 
strong  iron  bar  O,  lying  in  a  horizontal  position  orer  the  ndddle  of  Ike 
cistern,  and  playing  in  brasses  supported  by  two  wooden  standsi  <nw  of 
which,  P,  is  placed  between  the  two  fore  stands  of  the  upper  nuk^  and  te 
oUier  is  lud  in  the  enclosure  over  the  hind  part  Upon  proper  aqoaret  if 
this  bar  are  fitted,  one  near  each  end,  two  strong  brass  bariy  which  take  koU 
of  the  long  wooden  ^lindrical  handles,  by  means  of  wlddi  the  eqgine  k 
worked;  and  the  treadles  by  which  they  are  assisted  an  suspended  at  emk 
end  by  chains  in  the  fonn  of  a  watch-cliain,  and  receive  their  nnitiott  fiet^ 
with  the  handles,  that  are  on  the  same  side,  by  means  of  two  cnookr 
aectors  of  iron  fastened  together,  and  fixed  upon  proper  squares  of  the 
nuddle  horizontal  bar;  the  two  fore  ones  mi^be  seen  at  Qi  the  two  hind 
ones,  represented  upon  a  large  scale  in  ^f^.  S72,  differ  fhm  Uie  ftnner  on^ 
in  thickness,  fbr  the  fore  sectors  are  made  to  cany  onhr  one  chain  caeh^ 
fiutened  by  one  end  to  their  upper  part,  and  hj  tite  lower  end  to  ^ 
treadles;  whereas  the  sole  of  the  two  mnd  sectors  is  wide  enough  to  cany 
two  chains  each;  one  set  fastened  like  those  of  the  Ibre  ones  fbr  the  aotkn 
^  of  the  treadles;  and  the  other  two  chains  are  fastened  by  their  lower  ends 
to  the  lower  part  of  these  sectors,  and  by  their  upper  ends  to  the  top  of 
the  piston-bars,  in  order  to  give  them  motion.  See  fig.  271,  in  whidk  the 
hind  sectors  and  thdr  apparatus  are  represented  as  they  wo«dd  appear  to  a 
person  standing  between  the  two  fore  wheels,  and  loolung  at  the  mnd  part 
of  the  engine. 

The  square  over  the  letter  A  b  the  section  of  the  middle  bar,  on  whidi, 
right  over  the  two  barrels^  are  placed  the  two  sectors  B  C  A  and  DBA, 
forged  together.  FGHK  and  fghk  are  the  two  piston-rods;  nnd  the 
openings  between  the  letters  G  H  and  g  A,  are  the  spaces  through  which 
the  hind  parts  of  the  two  treadles  pass.  L  and  M  represent  two  strong  studs, 
rivetted  on  the  other  side  of  the  bars  on  which  they  are  placed;  and  to  each 
of  tliese  is  fastened  a  chain  like  a  watch-chain,  and  fixed  by  their  upper  ends 
to  the  upper  extremities  D  and  B  of  the  iron  sectors,  by  which  they  are 
drawn  up  and  down  alternately.  These  sectors  give  also  an  alternate  motion 
up  and  down  to  the  piston-rods,  by  means  of  two  other  chains  less  white  in 
the  figure,  in  order  to  distinguish  them  from  the  others;  these  are  fastened 
by  their  lower  ends  to  the  lower  extremities  of  the  sectors  E  and  C,  and  their 
upper  ends,  terminating  in  a  male  screw,  are  made  tight  to  the  piston-rods  at 
F  and^  by  two  nuts. 

The  shape  of  the  piston-rods,  and  the  size  and  situation  of  the  chains  that 
give  them  motion  are  so  contrived,  that  the  vertical  axis  of  the  pistons  is  ex- 
actly in  the  middle  of  the  breadtli  of  the  perpendicular  part  of  the  chains,  and 
the  upper  part  of  the  piston-rod  taken  together.  P  Q  represents  one  of  the 
two  cross-bars  through  tlie  ends  of  which  pass  the  handles  to  wliich  the  men 
apply  their  hands  when  they  work  the  engine;  these  cross-bars  are  fitted  on 
the  middle  bar  at  some  distance  from  the  sectors. 

The  other  parts  of  this  useful  engine  may  be  understood  by  the  help  of 
fig.  271,  which  represents  a  vertical  section  taken  through  the  middle  line 
of  the  hind  part  of  the  engine,  as  also  the  section  of  the  air-vessel,  and  that 
of  one  of  the  barrels,  and  likewise  the  profiles  of  the  hind  sectors,  and 
several  other  parts.  A  B  is  the  section  of  the  bottom  of  the  cistern,  and 
V,  that  of  the  hindmost  axle-tree.    D  E  is  the  vertical  section  of  a  stroi^ 
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piece  of  cast  brass  or  hard  metal,  so  worked  as  to  have  a  hollow  in  it, 
represented  by  the  white  part,  and  fixed  to  the  bottom  of  the  cistern;  this 
reaches  from  the  opening  D,  through  the  cock  W,  and  afterwards  divides 
itself  into  two  branches,  so  as  to  open  under  the  two  barrelsf  one  of  these 
branches  is  exhibited  in  the  figure,  and  the  other  is  exactly  behind  this. 
Through  this  channel,  which  may  be  called  the  sucking-piece,  water  is  con- 
veyed to  the  pumps  by  the  pressure  of  the  atmosphere,  eitJier  fix>m  the 
cistern  itself,  or  from  any  place  at  a  distance,  by  means  of  the  leather  pipe 
Fy  fig.  273,  which  .screws  on  to  the  sucking-piece  at  D,  ^g.  271,  under  tnc 
hind  trough  Z,  the  grate  of  which  is  represented  by  the  horizontal  strokes. 
F  G  represents  the  vertical  section  of  another  piece  of  cast  brass  or  hard 
metal,  that  may  be  called  the  communication-piece,  having  two  hollows  for 
conveying  the  water  from  under  the  pistons  to  the  two  openings  of  the 
flanch  of  the  air-vessel;  one  of  these  hollows  appears  in  the  fig^e;  the  other 
lies  exactly  behind  this,  though  not  in  a  parallel  direction.  Between  the 
section  of  the  sucking-piece  D  £,  and  that  of  the  communication-piece  F  G, 
may  be  observed  the  section  of  one  of  tlic  plates  of  leather,  which  makes  all 
tight,  and  forms  one  of  the  two  sucking-valves,  of  which  there  is  anotlier 
just  behind  this,  under  the  other  barrel.  R  S  T  is  the  section  of  the  copper 
air-vessel,  and  T  V  tliat  of  the  conduit-pipe;  this  vessel  is  screwed  on  to  the 
hind  part  of  the  communication-piece,  and  at  top  is  fastened  by  a  collar  of  iron 
to  a  cross  piece  of  timber. 

Between  the  flanch  of  the  air-vessel  and  the  communication-piece,  may  be 
observed  the  section  of  one  of  the  plates  of  leather,  making  all  tight,  and 
screwing  one  of  the  two  forcing  valves,  of  which  there  is  anomer  just  behind 
this,  exactly  over  the  other  opening  of  the  commimication  from  the  air-vessel. 
These  valves  are  loaded  with  a  himp  of  cast-iron  or  lead,  having  a  tail  or  teat 
let  through  the  flap  of  the  valve,  and  cross  pinioned  under  it:  and  it  is  to  be 
observed,  that  though  both  the  valves  are  represented  open  in  the  figure, 
they  are  never  both  open  at  the  same  time;  for  when  the  engine  is  not  at 
-work,  they  are  closed  down  by  the  weights  on  their  upper  surfaces;  and 
-when  the  engine  works,  two  are  shut,  and  the  other  two  are  alternately 
opened  by  the  motion  of  the  pistons  and  the  action  of  the  atmosphere,  to- 
gether with  the  reaction  of  the  air  contained  in  the  air-vessel. 

H  I  is  the  section  of  one  of  the  barrels  of  the  two  pumps,  which  are  both 
sucking  and  forcing;  as  is  evident  from  the  position  of  the  valves  and  the 
structure  of  tlie  pistons,  each  of  which  is  composed  of  two  iron  plates,  of  two 
wooden  trenchers,  and  of  two  flat  pieces  of  leather  turning  one  up  and  the 
other  down.  L  K  represents  one  of  the  piston-rods  edgewise,  behind  which 
is  one  of  the  chains,  the  top  screw  of  which,  K,  can  only  be  seen.  M  is  the 
end  of  the  middle  bar,  and  N  a  section  of  the  hindmost  of  the  two  middle 
stands  which  support  the  middle  bar.  O  represents  the  end  of  the  profile  of 
one  of  the  treadles,  passing  through  the  rectangular  holes  of  the  piston-rods, 
as  in  fig.  272.  The  weight  on  tlicse  treadles  brings  them  and  the  piston-rods 
down  alternately,  and  they  are  raised  up  again  by  the  help  of  tlie  other  ser 
of  chains,  one  of  which  may  be  seen  edgewise  in  this  figure,  placed  on  tlie 
sole  of  one  of  the  sectors,  &c.  see  fig.  272. 

F  Q  is  part  of  the  cross-bars  which  cany  the  handles,  seen  edgewise, 
and  X  Y  represents  an  iron  handle,  by  the  help  of  which  the  cock  W  may  be 
placed  in  the  several  situations  requisite  for  the  use  of  the  engine.  The 
mechanism  may  be  understood  by  figpk  275,  276,  and  277,  which  represent 
the  horizontal  section  of  it,  in  three  diflferent  situations.  It  lias  three  holes, 
which  are  left  white  in  these  figures.  In  fig.  275,  the  position  of  the  cock 
is  represented  when  the  handles  X  Y  or  K  are  in  a  direction  parallel  to  1)  K, 
or  to  the  nuddle  bar,  as  in  figs.  270  and  271.  In  this  position  the  water 
fiq>plied  by  the  iiu^ng-piece  enters  at  D,  and  proceeds  directly  through 
the  cook  W  to  the  Talve  under  the  two  pistons;  and  there  is  now  no  cotd- 
oiKim  ftom  die  hairel  with  the  cavity  of  the  cistern. 
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In  ftjt-  376,  tie  hire  the  position  nf  u  ci>ck  when  the  Itinillu  X  V  in  ttinwil 
our  quarler  of  b  rrvoluiion  towanb  thi-  ry r  ttom  ilic  lut-iniintioned  «itai» 
tlon.  in  which  c-i»e  there  i«  no  cnmiminicBlJoii  from  tlie  bwreU  irilh  Ike 
outer  crtfciwtyof  th«  mckinf-piece,  but  thr  vatcr  poured  into  the  (bre«nl 
hind  trough,  aiid  puoing  from  llicncc  into  t!ic  ravity  tiF  ilie  c>«ii-rn,  caun 
the  cock  wdewiyB  it  W.  and  tiiminit  «t  right  inglci  tbraugh  the  c«k  to- 
•FKrfi  E,  piBCcciU  In  the  huTrls  of  ihe  piunp»,    Tif.  377*  rcpreM^nU  the 
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with  llie  cavily  of  the  cistern  or  the  outward  end  of  the  >mckin|f- piece  i  bal 
thii  siluitioQ  BfTords  a  communi cation  from  the  cavity  of  the  cistern  with  tha 
outcidc  of  tlie  engine,  und  the  wnter  left  in  ihe  cavity  of  the  ci>tcm  nay  bj 
this  means  be  employed  when  thr  engine  hu  done  working.  Thcae  cnginn 
ire  made  of  live  or  aix  difTcRnl  siien. 

The  principles  on  which  this  engine  acts,  so  as  to  produce 
a  continued  stream,  arc  obvious:  the  water  heing  driven  into 
the  air-vessel,  as  in  the  operation  of  common  sucking  and 
forcing  pumps,  will  compress  the  air  contained  in  it,  and 
proportionably  increase  its  spring,  since  the  force  of  the 
air's  spring  will  be  always  inversely  as  the  space  which  it 
possesses)  therefore  when  the  air-vessel  is  half  filled  With 
water,  the  spring  of  the  included  air,  which  in  it&  ori^nl 
state  counterbalanced  the  pressure  of  the  atmosphere,  bciof 
now  compressed  into  half  the  space,  will  he  equal  to  twice 
the  pressure  of  the  atmosphere  ;  and  by  its  action  on  ihc 
subjacent  water  will  cause  it  to  rise  through'  the  coodtiit- 
pipe,  and  play  a  jet  of  32  or  33  feet  high,  abating  the  effect 
of  friction.  When  the  air-vi;sscl  is  two-thirds  full  of  water, 
the  space  which  the  air  occupies  is  only  one-third  of  its  first 
space  i  therefore  its  spring  being  three  times  as  great  as  Axt 
of  the  common  air,  will  project  the  water  with  twice  the 
force  of  the  atmosphere,  or  to  the  height  of  64  or  66  feet. 
In  the  ^amc  m^iiiiier  «hen  the  air-vessel  is  three-fourths  full 
of  water  the  air  will  be  compressed  into  one-fourth  of  its 
original  space,  and  cause  the  water  to  ascend  in  air  with  the 
force  of  three  atmospheres,  or  to  the  height  of  96  or  99  feet, 
&c.  as  in  the  following  table : 
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2.  The  fire-engine  by  Rowntree  is  a  double  force-pump,  of 
a  peculiar  construction,  similar  in  its  action  to  the  beer-engine, 
but  as  it  is  on  a  much  larger  scale,  its  constructions  are  of 
course  varied. 

In  tliis  engine,  fifjs.  278  and  279  are  tu-o  cU-vation**  at  rijjht  angles  to  caCh 
other,  of  the  external  part  of  the  engine,  nioiintecl  on  fonr  wheels.  Figs. 
UbO  and  281  are  two  sections  perpendicular  to  each  other  of  the  body  of  Uie 
engine  or  pump;  figs.  282  and  28.3  are  parts  of  the  engine.  Tlie  same 
letters  ai*e  used  us  far  as  they  apply  in  all  the  figures;  A  A  A  A,  figs.  28D 
and  281,  is  u  cast-iron  cylinder  truly  bored,  lU  inches  dianu-.tcr  and  15  long, 
und  having  a  flanch  at  each  end  whereon  to  screw  two  covers,  w^ilh  stuf- 
iing-boxes  a  a,  in  their  centres,  thix)ugh  which  the  spindle,  IJ  R,  of  the 
engine  passes,  and  being  tight  packed  with  hemp  round  the  collar,  makes 
a  tight  joint;  the  pist(m  1)  is  atiived  to  the  spindle  within  the  cylinder, 
and  tits  it  tight  all  round  by  means  of  leathers;  at  K,  iig.  281,  a  paitition,  cal- 
Icrl  a  saddle,  is  hxed  in  the  cylinder,  and  fits  against  the  back  of  tlie  spindle 
tight  by  a  leather. 

We  have  now  a  cylinder,  divided  by  the  siuldlc  E  and  piston  into  two 
parts,  whose  capacity  can  be  increased  and  diminished  by  moving  the 
pLston, '  with  proper  passiiges  and  valves  to  bring  and  convey  the  water; 
this  will  form  a  pnmp.  These  passages  are  cast  in  one  piece  with  the 
cylinder:  one,  e/,  for  bringing  the  water,  is  square,  and  extends  about 
one-third  round  the  cylinder;  it  connects  at  bottom  with  a  pipe  e,-  at  its 
two  upper  ends  it  opens  into  two  large  cluunbei's  f^t  t-xtending  near  the 
whole  length  of  the  cylinder,  and  closed  by  covers,  A/i,  screwed  on;  ik 
are  square  openings,  (shown  by  dotted  squares  in  ftg.  28U,)*in  the  cylinder 
communicating  with  the  chambers;  ///*  in /§■  are  two  valves  closing  the 
cntis  of  the  curved  pa.ssage  d,  and  preventing  any  water  returning  down 
the  passage  d,-  7i  o  are  two  passages  from  the  top  of  the  cyhiider  to  con- 
vey away  the  water;  they  come  out  in  the  top  of  the  cylinder,  which, 
togtrther  with  the  top  of  the  chambers  f^,  form  a  flat  surface,  and  arc 
covered  by  two  valves,  p  y,  to  retain  tlve  water  which  has  passed  through 
tiiem.  A  chamber,  K,  is  screwed  over  these  valves,  and  has  the  air-vesbcl  /*, 
figs.  278  and  279,  scrcweil  into  iis  top;  from  each  side  of  the  chamber  a  pipe, 
7v  w,  proceeds,  to  which  a  hose  is  screwed,  as  shown  in  tig.  280.  I.evcrs,a:a:, 
are  fixed  to  the  spindle  at  each  end,  as  sliown  in  fig.  279,  and  cany  the  han- 
dles H  H,  by  which  men  work  the  engine.  When  the  piston  moves,  as  shown 
by  the  arrow  in  Iig.  281,  it  produces  a  vacuum  in  the  chamber  y,  and  that  pwet 
of  the  cylinder  contiguous  to  it,  the  water  in  the  pipe  c  then  opens  the  valve 
m,  and  fills  the  cylin<lcr. 

The  same  motion  forros  the  water  contained  in  the  other  part  of  tlic 
cylinder  through  the  valve  7,  into  the  cliamber  K,  and  thence  to  the 
hose  through  tlie  pipe  w;  the  piston  being  turned  the  other  way  reverses 
the  operation  with  respect  to  the  valves,  though  it  continues  tlic  same  in 
itself.  The  pipe  t  is  screwed  by  a  flanch  to  an  upright  pipe  1%  fig.  2S2,  con- 
nected witli  anotlier  square  iron  pipi*,  fastened  along  the  bottom  of  ihc 
rhest  of  the  engine;  a  curved  brass  tube,  G,  comes  from  tliis  pii)e  Ihi-ougli 
the  end  of  the  chest,  and  is  cut  into  a  screw  to  fit  on  the  suction-hone 
when  it  can  be  usiil;  at  other  times  a  close  cap  is  screwed  (»n,  and  another 
brass  cap  at  H,  within  tlie  chest,  is  screwed  up^vards  on  its  socket  to  oj)cn 
several  small  lioks  in  it,  and  allow  the  water  to  enter  into  the  pipe;  in  this 
case  the  engine-chest  must  be  ke])t  full  of  water  by  buckets.  'I'lie  valves 
are  made  of  brass  and  turn  upon  hinges.  The  principal  advantage  of 
the  engine  is  the  facility  with  which  it  in  cleared  from  any  sand,  gravel, 
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I  firc-eng-ine  will  ilvay*  gaihtt  kIus  A 

11ie  elutnhcn /*;,  beii^  «o  lu];^,  »nawMifli«ttiit  room  to  lod^a  mM 
qiiuitity  of  dirt  tluui  is  likely  to  be  •ci;iiinuUtc(l  in  Ilie  tme  of  lEc  engine  4 
^  any  one  fire,  and  if  any  of  it  iccidtiitAUr  IJJln  into  Oio  cj  linder,  il  ia  p— •*-• 

'^  lifted  out  again  loin  the  cliamlii^n,  by  ilie  pUlcm,  without  boinf  tns  aiitirmr 

'W  tion  to  it»  motioni  to  tlcurilu-  vngint  (Vom  the  tUrS  two  circultf'piain  4 

'        live  inchei  lUamcIcr,  arc  uiivcicwi'd  ttom  the  lidi  hi,   of  the  dMunben  /■ 
'  and  when  cleaned  are  Mrrcurrd  oil  againt  ilirsc  KreW'COvers  fit   p«ifaq 

f   •  ti^  without  lealher,  and  can  be  taken  out,  ilie  engine  cleared,  andeDckM 

-  ^^in  '»  •  vorj  short  tlnlu,   even   wliuii   tlie   engine   is  in   uac,    if  "— ' 

"  neceasaiy. 

•  The  two  upper  valves  p  y,   and  chamber  K,  cm  abn  be   «)e»IM4  ai^ 

equal  ease,  by  icreiHnjf  out  the  air-venMcl  k  k,  tig.  QT9,   wlii<^   apani'M 

'  aperture,  of  five  inchci'.   a>ul  ftts  lur-tiglit,  without  icilticr.   urtieii  rliwrf 

The  valve  niay  be   repaired   Uitough  tbe  aame  openiiifpi-     TlwuMctfl^ 

air-vewel,   k  k,   figs.  378  and  379,  Ii  to  equnlize  tlic  let  from  the  enfriil 

during  the  abort  iidumitlaiicc  of  motion  at  Ihc  tWuni  M   tlic  piHta«i-«Uiik^ 

,  4bia  it  doe*  by  the  elutiHty  of  the  ctimfircHiied  air  witTiin  it,   vhicli  Eonw 

^  the  water  out  continually,  though  not  lupplJcil  quite   regalarlj   from  tfat 

\  enffine. 

The  engine  from  which  the  drawing  was  tiiken,  was  con- 

*  strutted  for  the  Sua  Fire  Insurance  Company,  in  Loadon,  ant 
from  some  experiments  made  by  their  agent,  Mr.   Samud 

*  Uuhert,  appears  to  answer  every  purpose. 

[Owing  to  the  peculiar  organization  of  the  fire  depart 
"'  4  ,  ment  of  this  cily,  (Philadcl|)hia,)  which  is  supported  solclf 
by  the  zeal  and  public  spirit  of  private  volunteer  associa* 
tiona,  with  but  sleiicliT  pecuniary  assistance  from  the  city  ' 
authoritieSf  great  emulation  and  rivalry  extita,  Ukd  the  kttc»< 
tioQ  of  ingeniotts  nen  atuchcd  to  them,  has  bceo  directed  n 
the  improvement  of  the  fire  apparatus,  and  th«r  esertiou 
have  been  attended  with  corresponding  success.  The  intto* 
dttction  of  riveted  hose  was  perhaps  the  moat  importaat  ii^ 
provement  in  our  means  of  eztinguishiog  fires,  and  without  , 
tt  no  apparatus  should  be  considered  effective.  It  is  made  of 
sole-leather  dressed  to  an  even  thickness  and  breadth,  lapped 
over  and  riveted  with  iron  or  copper  tiimed  rivets,  which  are 
introduced  from  the  under  or  inside  of  the  leather,  having! 
burr  placed  upon  the  point  which  is  then  riveted  down,  and 
doBed  with  a  hoUow-sct  punch ;  the  lengths  of  hose  arc  joined 
together,  by  a  double  row  of  rivets  diagonally.  Fifty  feet 
thus  made  form  a  section,  having  at  each  end  a  screw,  (one 
male  and  the  other  female,)  turning  upon  itself  and  fonniitg  a 
swivel.  An  indefinite  number  of  sections  may  be  attached 
by  introducing  one  screw  into  the  corresponding  one  witfaoat  ' 
twisting  the  hose.  The  merit  of  introducing  mis  impdttut 
improvement  belongs  to  lite  Philadelphia  aoM  GxjUiffiBfft 
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this  city,  under  whose  direction  and  at  whose  expense  the 
experiments  were  tried,  which  have  resulted  in  its  present 
state  of  perfection.  The  committee  who  executed  the  work 
were  Messrs.  Sellers,  Pennock,  and  Morris. 

Many  important  improvements  have  also  been  made  in  the 
fire-engine,  especially  in  the  form  and  arrangement  of  the 
various  parts,  and  in  the  perfection  of  the  workmanship. 

Plate  No.  36*,  Vig.  1.  exhibits  a  side  view  of  an  en^^nc  in  the  form  pre- 
ferred and  adopted  by  most  of  our  firemen.  The  levers  are  of  a  shape  intro* 
duced  by  &Ir.  Perkins,  and  are  by  far  the  most  convenient  of  any  now  known 
or  in  use.  The  handles  hinge  upon  studs  in  the  centre  of  the  cross-bars,  at* 
tachcd  to  the  end  levers,  and  when  put  in  operation  fall  into  clasps  at  the  ex- 
tremities, and  are  there  firmly  retained.  The  improvement  in  the  form  of  the 
levers  was  first  made  by  Mr.  Adam  Eckfcldt. 

Fig.  2.  represents  the  working  parts  of  tlie  same  engine.  A  A  are  the  cham- 
bers or  pumps,  which  are  made  of  brass.  The  part  in  which  the  piston  works 
is  bored  and  polished;  they  are  bolted  down  upon  the  scats  M,  which  are  in 
like  manner  secured  to  the  bottom  of  the  engine  by  bolts  through  the  feet  h  L. 
The  pistons  B  B  are  two  metal  disks,  each  enclosed  in  a  cup,  (pressed,)  of 
leather,  the  bottoms  of  which  come  in  contact  with  each  other,  and  are  firmly 
connected  by  the  piston  rods  nn.  I'hese  rods  work  on  a  movable  pin  P,  (the 
centre  being  permanent,  and  passing  througli  the  guide  H,)  are  alternately 
raised  and  depressed  by  the  motion  of  the  lever  K,  (a  portion  of  which  is  re* 

gresentejfl)  moving  upon  its  centre  G.  When  the  piston  is  raised  the  cham- 
er  filUnntb  water,  forced  into  it  by  the  pressure  of  the  almosphere  on  the 
surface,  through  the  opening  in  the  seat  M.  It  is  then  depressed,  the  valve  e 
closes,  and  the  water  passes  up  through  the  water-way  e  into  the  air-vessel  F, 
and  is  there  retained  by  the  closing  of  the  valve  a,  until  by  the  frequent  and 
alternate  operation  of  the  pistons,  the  air  in  the  air-vessel  is  so  far  condensed, 
tlkat  by  its  re-action  it  forces  the  water  through  the  pipe  O  with  considerable 
violence  on  any  object  towards  which  it  may  be  directed. 

This  engine  is  on  precisely  the  same  principle  as  New- 
shames,  and  differs  only  in  the  mechanical  arrangement  and 
structure,  to  which  it  is  decidedly  superior,  being  by  far  more 
simple. 

Fig.  3.  represents  another  variation  of  the  fire-engine  pump,  the  origin  of 
which  we  arc  unacc^iuiinted  with,  but  believe  it  to  bo  French.  It  consists  of  a 
cylinder  of  braw  A  A,  laid  horizontally,  tlie  piston  working  in  the  same  direc- 
tion, the  n)(l  being  attached  to  drops  at  right  angles  with  the  levers,  which  have 
the  same  form  as  those  last  described.  When  the  piston  is  moved,  the  water 
foUowH  by  atmospheric  pressure  through  the  pipe,  entering  by  the  circular 
aperture  J.  On  the  return  of  the  piston,  the  valve  at  P  closes,  and  the  water 
is  forced  through  the  water-way  o,  mto  tlie  air-vessel  K,  its  return  being  pre- 
vented by  the  closing  of  the  valve  e,  it  is  discliarged  through  hose  leading 
from  tlie  pipe  L.  The  same  takes  place  alternately  on  moving  the  piston 
back  and  forward.  The  piston  rod  B  is  a  permanent  rod  of  pohshed  iron 
working  tlirough  the  stuflnng-box  Q,  attached  to  the  cap  n;  tn  and  n  are  cast- 
iron  caps  fitted  to  the  ends  of  the  chamber,  and  are  rendered  air-tight  by 
leather  or  leaden  joints,  securely  connected  together  by  bolts  passing  the 
length  of  the  chamber  with  a  nut  on  each  end.  This  description  of  works 
Ins  tome  objections.    It  is,  bowevcr,  adTsatagcously  used  in  machines  called 
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A  of  B  hosF'Carnigc  and  engine 
..  .^.Udtiui  theroftgB bf  ttWgini  unuto  cany  a  Urpv  qunnlilinf 
\t  bodf,  without  mrnkin^  it  too  univieldy.  On  the  other  UanA,  it  ii 
,  Td^liUe  to  get  out  of  repur^  tad  dHBeolc  to  piii  in  orAet;  in  fwrt,  lo  pa- 
jHmXhiB Mimtka,  tfaeMole  woA*  mut  come  out.  kgaia,  nwinetoiu  ' 
'.MmI^MW  all  dirt  HidcT»Teltfeotftnd»itoit-iy  intoit,natur^ly  Mttlrstotlic 
Hwer  iid(^  and  wean  thai  patt  ava;  befor*  oiiy  other,  rciy  «(xnt  makiag  the  .' 
chiBiber  ov4  a)>d  oF  coune  aat  perfectly  water-tiglit.  It  is,  hotvever,  vtU 
•  adapted  to  MwlfoMk  at  the  chamber  beta^  corutantK  full  oi'  uut«r  on  boA 
ridei  of  Ae  piitonjicad,  M>  ^  can  piM  \o  deftro;- tli'e  cttect 

fig.  4^  iaa niction'tubt,  on  k  new  and  inpiond  eanaikaeSna^  and  -la  aa 
kdnurable  anbatitnU  (br  tbe  leathern  MdMahata  ftraw^T^UBd^  PM>*^'V 
■llita  adyamagM  without  if  defecta.  It  ntlKaMvCeiifit*»Vibtm«,e,t,tm 
ftet  lonr,  coanacted  at  oaclt  end  by  jtinta  ^  aM^«  ttpw  th^>lafl(w^  (Oa^ 
bj  nakug  the  whcrie  tube  flexible,)  c^lediwifdjDlBtt.  TkajmtiahKt 
Rpfeaented  Ibldednp  in  the  fbnn  b>  carried  on  the  aMgiMi  aDdnanr  b«  u* 
tended  at  rieaanre  bj  nnfbldinff  the  jtHot*  to  the  length  <f  ifj*  18  feet  C 
ia  the  fenunaerew  which  ittai£«  it  to  the  oatdde  of  Ow  cagbtCt  (wUdit 
penetrated,)  and  fiirceiit  aKiinitaleathercollirwitUadie^RlaKJlBlhe 
^'•^-n-aeatattuhed  tothehoriiontalclMinber,  Eg.  3.  Df  Ag.4i  laBbakaf 
T  pieiccdwith  holei,  wluch  let  the  water  pBi%  ud  cxbhlde  all  At 


copper  pierced  with  bolei,  which  let  the  water  pBi%  and  ^'W'ffWff  aU 
and  other  matter  which  woold  be  inhirioiu  to  the  Vorkaofthc'eni^ta^ 

Vi^.  5.  ia  »  aectional  view  of  PeiUni'a  Hngle-cb«M»er  mpne.    A  ** 
vorkugch^ber  of  copper  or  braaa,  harinp  mall  bolM  d,  mi  Bear  4 


ttmvgh  which  the  water  piaatn.  B  iaadiTidoB^hiderbeb 
berand  wr«ene1,  and  ii  nrmh'  aecored  at  the  top,  irtule  the 
mutate*  witUn  three  inchea  of  tbo  bottom  of  the  dtantbe^ 
tofbrmtheinnerflattof  tlMidt<-Te«eI.  Hie  whole  ia  a 
der  e,  which  fbna  dke  outer  coat  af  the  air^enel,  and 
cndavitiidiedianlierbrBplatotaf  solder  jtha  of  an  inch  thick,  Bttowtlca 
ther  are  firmly  incotporned.  The  whole  atuidi  upon  a  aeat  oTbtaaa,  baring 
an  opening  tiirough  which  the  wslerpnsBea,  and  iacloted  by  tlieTalve  F.  Tlie 
chamber  ia  tirmly  bolted  to  the  bottom  of  the  en|rinc  by  bolts  pasting  thiongli 
the  cap  G  with  nuts.  K  is  the  plun§[or  of  copper,  (drawn,)  the  capacilj  of 
wliich  is  half  thai  nf  the  chamber:  it  works  tbroiirfa  a  stufKng-box  o  o,  tnicte 
perfectly  tight  by  bolta  secuTed  in  the  caps.  J  is  Uie  piston  rod,  moTsble  on 
the  joint  It  M,  which  g^ives  »  perppmlicuUrmotion  to  the  plun^r.  Listhc 
piston  head  through  whtcli  is  passed  the  cross-bai-  of  the  levers,  which  ste 
wmilar  to  those  hrst  described,  t'he  o]>eratian  of  tliis  engine  is  different  from 
.any  other  in  use  or  known  by  us,  and  wns,  wc  believe,  a  new  idea  of  Mr- 
Perkins,  Suppose  tlie  pluiifrer  or  piston  raised,  u-ater  flows  through  tliC 
Ttlve  F  by  atmospheric  pressure,  and  the  whole  capacity  of  U»c  chuniber  be- 
low the  plurper  is  filled.  It  ia  then  depressed.  The  lower  valve  F  closes 
and  tliosc  in  the  box  >>,  attached  to  tlie  plunger,  open-  Tkc  plunfrer,  ve 
faafc  already  noticed,  ia  exactly  one-half  the  size  or  area  of  the  chambcri 
consequently,  when  the  plunger  is  depressed,  one-half  the  water  which  passes 
through  the  valve  «j  remains  in  tlie  space  between  tlie  chamber  and  plungcrj 
the  other  half  paiscs  through  the  small  holes  dd,  down  the  space  betweca 
the  chamber  and  division  B,  and  tlience  through  tlic  dischMge  pipe  N.  When 
the  plunger  ia  raised  again,  the  Upper  valve  closes,  the  water  which  remwned 
passes  out  through  the  tame  openings  as  before,  and  tlie  cliamber  below  the 
box  is  BR^n  filled!  the  same  operation  is  repeated  at  eveiy  stroke  of  tbe 
levers;  thus  a  continued  stream  is  sustnined  with  one  chamher,  the  water  be- 
ing projected  botii  at  tlie  up  and  down  stroke. 

The  only  recommendation  which  can  be  given  to  this  ea* 
gine  oTtr  Uie  double  chamber  is,  that  while  tbe  aune  •ftcti' 
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arc  produced,  the  expense  of  the  machine  is  decreased  20 
per  cent.  But  no  form  of  engine  is  so  simple,  durable,  or 
easily  repaired,  as  those  represented  in  figures  1  and  2. 

The  principles  on  which  the  air-vessel  operates,  are  so 
ably  explained  in  the  description  of  Newsham's  engine,  that 
it  is  almost  unnecessary ito  allude  to  them.  There  is,  how- 
ever, no  power  gained  by  the  use  of  this  instrument;  the 
only  advantage  obtained  by  it  is  that  the  reaction  of  the 
condensed  air  serves  to  keep  up  a  constant  pressure  on 
the  water  in  the  air-vessel,  and  sustains  the  stream  per- 
fect at  the  moment  of  the  return  stroke.  The  table  show- 
ing the  distance  to  which  air  of  several  degrees  of  conden- 
sation will  project  water,  (which  closes  the  article  alluded 
to,)  may  be  very  true  in  theory,  but  is  not  found  to  be  so  in 
practice,  because  the  resistance  of  the  atmosphere  increases 
ma  greater  ratio  than  the  velocity  of  the  water ;  and  beyond 
a  certain  distance  it  is  probable  the  water  cannot  be  project- 
ed, as  it  is  found  the  resistance  becomes  so  great  as  to  dis- 
perse and  separate  the  stream  into  small  particles  when  pro- 
jected with  great  velocity.] 


JACKS. 

The  jacks  which  we  purpose  here  to  describe  are  simple 
machines  used  for  raising  heavy  weights. 

FJK"'  311  represents  the  common  or  simple  hand  jack;  a  block  of  wood 
about  two  feet  six  inclies  long",  10  inches  broad,  and  six  inches  wide,  is 
perforated  with  a  square  hole  or  mortise  throiig^h  it  Icn^hwise  for  the  recep- 
tion of  an  iron  rack  B.  This  rack  is  formed  with  a  double  claw  or  horn  at 
its  upper  end.  A  small  pinion  C  is  made  to  cng^j^c  in  tho  teeth  of  the 
rack.  The  axis  of  the  pinion  is  supported  in  iron  plates  bolted  to  each  side 
of  the  block*  and  one  end  of  the  axis  projects  throujjh  the  side  plate,  with  a 
square  to  receive  a  winch  or  handle,  which,  being"  turned  round,  the  pinion 
elevates  tlie  rack  B  in  tlie  mortise,  ajid  raises  the  claw  or  horns  up  to  the  load 
to  which  it  is  applied.  To  prevent  the  weight  of  thcloadmnningthe  pinion 
back,  the  handle  is  detained  by  a  hook  or  link  cr,  fastened  to  tlic  outside  of 
the  block. 

When  a  greater  power  is  required  than  the  simple  rack  and  pinion  are 
capable  of  exerting,  a  combination  of  wheel-work  is  used,  as  shown  in  the 
same  figure,  whci-e  A  A  is  the  block  of  wood,  which  in  this  case  is  made 
sufficiently  wide  to  contain  the  cog-wheel  F,  fixed  to  tlie  pinion  C,  which 
acts  in  the  teeth  of  the  rack  B.  G  is  a  second  pinion  of  four  leaves,  work- 
ing in  the  wheel  F;  and  the  axis  of  this  pinion  projects  tlirough  tlie  side  of 
the  block  for  the  winch  H  to  be  fixed  on  it.  The  block  A  A  is  made  in  two 
halves,  jknd  the  recess  for  the  wheel  F,  and  the  pinion  G,  is  cut  out  in  one 
of  the  liabrefl;  the  other*  being  hud  flit  agiiiut  it,  supports  the  front  pivots 
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rf  the  wliPi"!  ami  piitiarui.  The  iwo  tialcra  »re  boiinJ  together,  by  gtmnj 
iron  hwi|>i)  4  t.  driven  ercr  ilit  tiutnide,  Tlic  nitk  hiia  n  clow  N,  at  iulaws 
(iiiil,  [imjccling'  out  ludcwayi  Uirou^h  an  apening  or  dit  t:iil  through  in  &it 
front  hilf  nf  till'  lilock.  Thm  c\a,ii  can  bu  intro<tu<T<L  beneath  a  atone  whicb 
liea  nearly  flat  upon  tllr  grounil.  and  wliicb  conieqiicntly  could  not  be  actnl 
upon  by  thi^  cUw  on  tJiv  toil  of  tlir  rack.  1'q  prcx'nl  the  nek  de^tndii^ 
wlicn  it  hu  a  loud  u|>on  it,  tl)p  sDtall  dick  a  drops  into  Its  teeth,  but  clean  it 
in  gO'nft  upi  when  it  la  not  required  to  de^n  the  rack,  this  click  can  be 
turned  out  of  the  way  udeways. 

r>K'  34:^  1*  a  lerew  jack.  The  block  of  wood  A  A  is  perTarated  ntaxtj  itt 
whole  length  with  u  hole  suRiricntly  lu^'c  lo  allow  the  screw  B  to  move  up 
and  down  without  toui^hin^.  The  »crew  pUBcs  throiijFh  a  nut  n,  fixed  into 
the  top  ofthcliloek  Ai  »i»dirtheBcrewistiimcdround,iimuBtriseup  thiwogfc 
UiG  nut,  and  dcvile  the  cUtr  P.  This  claw  ii  fitted  on  the  top  of  lh«  ■erc* 
with  a  round  collar,  which  allows  the  bci«w  to  turn  round  williout  turning 
the  claw:  and  the  claw  N,  which  projects  through  a  ktoovg  or  opening 
made  in  the  aide  of  the  block,  is  fitted  to  the  screw  with  n  smaller  collar. 
The  bottom  of  the  block  has  four  short  points  to  prevent  the  machine  sli^ 
ping'  when  used  upon  hard  ground.  I'o  nve  motion  to  the  sow,  tht 
lowvr  half  of  it  is  formed  into  a  square,  and  a  wortn-whcel  C  is  Utted  upoa 
the  snuarc-  The  teeth  of  this  wheel  are  engaged  by  a  worm  on  the  aiu  of 
the  winch  H,  «nd  pktc;  of  iron,  a  t,  arc  bolted  on  each  ^de  of  the  block, 
ncBT  the  middle  of  its  height,  to  carry  the  ends  of  the  axis  of  the  winch  and 
of  the  worm  which  is  cnncealed  by  the  worm-wheel  C.  When  the  winch  is 
turned  round,  il  causes  the  wheel  C  to  revolve  by  the  action  of  the  wurm  in  id 
tcetli^  and  aa  the  wheel  is  fitted  on  the  squire  part  of  tlie  screw,  il  compel) 
it  to  turn  with  it,  but  at  the  same  time  allows  the  screw  to  tnove  up  and  down. 

Jacks  have  been  also  constructed  upon  the  hydrosudc 
principle  diacuvcred  by  Pascal,  and  which  has  been  applied 
to  practice  by  the  late  Mr.  Bramah,  in  this  and  various  other 
useful  machines. 


CRANES. 

Cranes  are  certain  simple  machines  in  which  either  tbe 
vheel  and  axle,  or  wheel  and  pinion  arc  introduced,  to  eflect 
the  raising  of  heavy  loads,  such  as  the  loading  or  untosding 
of  shipping  at  the  quays  or  wharfs,  or  the  raising  or  lowering 
goods  to  and  from  chambers  or  warehouses. 

Various  modes  have  been  adopted  to  turn  the  wheel,  ^ 
that  part  of  tht  machiiic  whicli  is  applied  to  the  same  pur- 
pose, by  introducing  long  staves  into  the  axle,  by  which 
It  acquires  the  name  of  a  capstati,  or  windlass ;  or  by  a  rope 
passing  over  the  wheel,  and  putting  it  and  the  axle  in  motion 
by  friction.  Other  methods  have  been  adopted,  such  as  form- 
ing the  wheel  hollow,  and  causing  it  to  revolve  by  means  of 
labourers  inside  of  it,  walking  up  its  sides,  which  consequently 
descends  beneath  their  weight  ;  or  by  forming  it  into  a  plat- 
forrn^  lying  in  a  slanting  direction,  and  the  labourers  pushing 
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against  a  fixed  arm,  which  forces  the  platform  or  wheel  round 
under  their  feet- 
Most  of  the  cranes  constructed  with  the  wheel  and  axle 
occupy  too  much  space,  which  is  of  importance,  and  conse- 
quently, where  cranes  are  in  general  use,  have  been  super- 
seded by  the  wheel  and  pinion,  which  is  of  a  more  compact  and 
convenient  construction.  The  wheel  and  pinion  is  generally 
accompanied  with  a  ratchet-wheel  and  pall,  or  some  other 
method  of  locking  the  handle,  so  that  should  the  labourer 
desist  from  his  exertion,  the  load  may  not  return  to  the  place 
whence  it  has  been  raised. 

The  frame-work,  or  that  part  of  the  crane  which  does  not 
immediately  operate  to  raise  the  load,  is  divided  into  three 
parts,  the  post,  the  jib,  and  the  stay.  The  post  is  the  upright 
piece,  almost  universally  made  to  turn  on  a  centre ;  the  jib  is 
the  arm  extending  from  the  upper  part  of  the  post,  and  in 
aome  cases  is  horizontal,  but  more  frequently  at  an  angle  to 
die  horizon ;  and  the  stay  is  that  piece  which  supports  the 
jib,  reaching  from  the  lower  part  of  the  post  to  nearly  the 
extremity  of  the  jib. 

The  most  simple  form  of  the  crane  is  that  commonly  used 
in  stone  and  timber  wharfs  for  unloading  vessels,  for  which 
purpose  it  is  well  adapted,  its  power  being  very  great.  It 
naa  a  frame  consisting  of  a  strong  beam  supported  hori* 
zontally  at  10  or  12  feet  from  the  ground,  on  the  top  of 
several  vertical  posts  very  firmly  fixed  in  the  ground,  and 
securely  braced  with  stays  in  every  direction.  At  the  ex- 
tremity of  the  horizontal  beam  the  upper  part  of  the  jib  is 
supported,  the  lower  pivot  resting  on  a  post  in  the  ground. 
The  jib,  or  gibbet,  as  it  is  called,  from  a  resemblance  to  that 
machine,  is  a  triangular  frame  of  wood,  one  side  being  per- 
pendicular, and  supported  on  pivots  at  the  top  and  bottom, 
so  that  the  whole  moves  round  on  these  as  a  vertical  axis  of 
motion.  Near  the  upper  end  of  the  perpendicular  post,  a 
beam  proceeds,  forming  the  upper  side  of  a  triangle,  while 
the  third  side  is  a  brace,  extended  from  the  foot  of  the  per- 
pendicular, to  support  the  upper  piece.  From  the  extremity 
of  the  latter,  the  burden  is  suspended  by  a  rope  passing  over 
a  pulley  ;  the  other  end  of  the  rope  is  coiled  round  a  vertical 
roller,  or  capstan,  turning  on  pivots,  one  supported  by  the 
horizontal  beam  first  mentioned,  and  the  other  on  a  post  in 
the  ground.  The  capstan  is  turned  round  by  means  of  long 
horizontal  levers  fixed  to  it,  at  which  a  great  number  of  men 
may  be  employed  to  push  them  round,  or  in  some  cases  they 
are  drawn  by  horses.    As  the  levers  admit  of  a  very  great 
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length  in  proportion  to  the  diameter  of  the  windlass  on  which 
the  rope  coils,  the  power  of  this  simple  crane  is  very  consi« 
derable,  and  may  be  doubled  by  a  pair  of  blocks  or  pullies  at 
the  jib.  When  the  burden  is  raised  to  a  sufficient  height,  by 
turning  the  capstan,  the  jib,  being  swung  round  on  its  pivots, 
will  convey  the  load  into  a  cart  or  wagon  placed  on  shore  by 
the  side  of  the  crane. 

Another  kind  of  crane,  which  is  equally  common  with  the 
above,  but  used  for  lighter  burdens,  has  the  same  jibs,  as 
indeed  most  cranes  have  ;  but  the  windlass,  or  barrel  for  the 
rope,  is  placed  horizontally,  and  has  a  large  vertical  wheel 
fixed  upon  it.  This  is  made  of  two  wheels  fixed  on  an  axis 
at  a  distance  apart,  and  united  by  boards,  so  as  to  form 
a  large  hollow  cylinder  or  drum.  Several  men  get  into  this 
wheel,  and  by  constantly  walking  upwards  on  the  inside, 
give  it  a  tendency  to  revolve,  and  wind  up  the  rope  on  the 
barrel.  It  is  surprising,  that  so  imperfect,  this  should  have 
been  so  universally  adopted  as  it  was,  till  within  these  few 
years.  Even  when  the  wheel  is  sixteen  feet  in  diameter,  the 
labourers  within  cannot  walk  so  far  up  it,  from  the  perpen- 
dicular as  to  have  any  effective  leverage  to  turn  it  round; 
though  they  are  always  exposed  to  danger,  and  frequendy 
meet  with  most  shocking  and  fatal  accidents,  from  slipping 
down  in  the  wheel,  or  from  being  overpowered  by  the  load; 
in  this  case,  the  wheel  runs  back  with  an  accelerating  velocit}*, 
and  the  people  are  thrown  about  it  in  a  most  dreadful  manner. 
I'Vom  these  defects  of  the  common  consiruciion,  skilful  me- 
chanicians have  devised  cranes  that  are  not  only  more  safe, 
but  more  powerful  in  their  operation,  than  the  common  walk- 
ing-crane. Some  of  the  best  of  these  will  be  described  in  the 
present  article. 

Mr.  Padmore,  many  years  ago,  contrived  to  prevent  the 
danger  attending  the  use  of  the  construction  last  described, 
by  putting  a  ring  of  cogs  all  round  the  outside  of  the  great 
wheel,  and  applying  a  trundle  provided  with  winches  to  turn 
it.  By  this  addition,  the  power  was  increased  in  proportion 
to  the  numl)er  of  cogs  in  the  wheel  to  the  number  of  staves 
in  the  trundle  ;  and  in  order  to  prevent  the  wheel  from  run- 
ning back  by  the  force  of  the  weight,  should  the  man  \vithin 
it  slip,  or  leave  off  walking,  he  added  a  ratchet-wheel  to  die 
end  of  the  trundle.  Two  winches  being  fixed  to  the  ends  of 
the  axis  of  the  trundle,  gave  the  people  attending  the  crane 
the  means  of  assisting  the  man  in  the  wheel,  when  the  load 
rendered  it  necessary.  On  the  axis  of  the  trundle  is  likewise 
fixed  a  wooden  wheel  provided  with  a  brake  or  gripe,  which 
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could  be  forcibly  pressed  od  the  circumference  of  the  wheel 
by  a  lever,  to  cause  such  a  friction  as  would  prevent  the 
weight  from  descending  too  rapidly.  By  this  means,  heavy 
goods  may  be  raised  or  let  down  at  pleasure  without  any 
danger  of  injuring  the  men  in  the  crane.  This  contrivance  is 
ingenious  ;  but  the  rapid  motion  of  the  circumference  of  the 
large  walking-wheels,  in  most  cases,  rendered  it  inapplicable, 
unless  a  smaller  cog-wheel  was  fixed  upon  the  same  axis  with 
the  walking-wheel. 

A  crane  to  be  turned  by  winches,  was  contrived  by  the 
late  Mr.  Ferguson,  which  has  three  trundles,  with  different 
numbers  of  staves.  Any  one  of  these  may  be  applied  to  the 
cogs  of  a  horizontal  wheel,  mounted  on  an  upright  axle,  round 
which  is  coiled  the  rope  for  drawing  the  weight.  This  wheel 
has  96  cogs;  the  largest  trundle  24  staves,  the  next  12,  and 
the  smallest  six;  so  that  the  largest  revolves  four  times  for 
one  revolution  of  the  wheel,  the  next  eight,  and  the  smallest 
sixteen.  The  winch  is  occasionally  fixed  on  the  axis  of 
either  of  these  trundles  for  turning  it,  and  is  applied  to  one 
or  the  other,  according  as  the  weight  to  be  raised  is  smaller 
or  larger.  There  is  also  a  fourth  trundle  acting  in  the  teeth 
of' the  great  wheel,  and  on  its  axis  is  a  brake  and  ratchet* 
wheel.  While  the  load  is  drawing  up,  the  teeth  of  the 
ratchet-wheel  slip  round  below  a  catch  which  falls  into  them, 
and  prevents  the  crane  from  turning  backward,  thus  detaining 
the  weight  in  any  part  of  its  ascent,  if  the  man  who  works  at 
the  winch  should  accidentally  quit  his  hold,  or  wish  to  rest 
himself  before  the  weight  is  completely  raised.  Making  a 
due  allowance  for  friction,  a  man  may  raise,  by  such  a  crane, 
from  three  to  twelve  times  as  much  in  weight  as  would  ba- 
lance his  effort  at  the  winch,  viz.  from  90  to  360  lbs.  taking 
the  average  labour. 

Many  other  constructions  of  wheel-work  are  in  common 
use  for  cranes.  When  they  are  turned  by  a  winch,  it  is 
proper  to  apply  a  fly-wheel  to  the  axis  of  it,  both  to  equalize 
the  efforts  of  the  labourer  who  turns  it,  and  in  case  he  acci- 
dentally lets  go  the  handle,  to  prevent  the  load  from  running 
down  so  quickly  as  to  endanger  any  thing.  It  is  convenient 
to  have  several  different  powers  to  a  crane  of  this  kind,  to 
adapt  it  for  the  different  burdens  to  be  raised;  this  is  best 
done  by  employing  a  train  of  several  wheels,  each  turned  by 
a  pinion  smaller  than  itself.  Thus,  suppose  the  barrel  on 
which  the  rope  or  chain  winds  to  be  12  inches  in  diameter, 
and  has  a  cog-wheel  of  96  teeth  fixed  on  the  end  of  it ;  this 
is  turned  by  a  pinion  of  12  leaves ;  on  the  same  axis  with 
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I  wheel  of  32  teeth,  moved  by  a  pinicm  of  eight, 

on  a  thitd  axis,  which  should  carr)*  the  Sy-whccL 

f  one  fool  radius  cnn  be  applied  to  any  of  thcfe 

n  the  craoe,  and  will  give  three  diffl-rent  powen- 

,  is  applied  to  the  gud^on  of  the  barrrl,  it  wiH 

Ic  iiic  power  of  the  balance,  because  the  winch  describes 

cle  which  is  twice  as  large  as  the  barrel  on  which  lli< 

a  winds;  if  the  winch  is  fixed  on  the  end  of  the  aiU 

...ch  carries  the  pinion  of  12,  and  the  wheel  of  33,  it  will 

irive  the  labourer  a  purchase  of  16  times;  and  lastly,  wnen 

c  winch  is  applied  to  the  pinion  of  eight,  his  efforts  wiB 

multiplied   64   times.     This    sini;)le    mechanism    is  rcn- 

•d  very  complete  by  fixing  a  fly-wheel  upon  the  axis  of 

linion  of  eight,  to  prevent  all  accidents  ;  for  which  puT^ 

it  ia  more  efFcciive  than  a  ratchet-wheel,  and  requires  no 

ition.     The  spindles  of  all  the  pinions  are  made  capabk 

Sliding  endwise,  for  the  purpose  of  disengaging  the  wheels 

..om  each  other  at  pleasure,  that  when  the  wheels  are  not 

«mnloyed,  there  may  be  no  unnecessary  friction  in  turning 

round. 

e  gibbet  of  a  crane  is  a  very  principal  member,  a*  we 
-e  before  explained  i   but  in  its  common  construction,  it 
.3  some  defects.     The  rope  by  which  the  burden  is  raised, 
ascB  exactly  over  the  gudgeon  of  the  vertical  beam  of  the 
I,  and  is  confined  beiween  two  small  vertical  rollers,  in  order 
mat  it  may  always  lead  fair  with  the  pulley  or  sheave  at  the 
extremity  of  the  jib.     Atcordini;  ui  this  construction,  when- 
ever the  jib  turns  round  its  axis,  the  rope  is  bent  so  as  to 
form  an  angle  more  or  less  acute,  which  causes  a  g;reat  in- 
crease of  friction,  and  produces  a  continual  eSbrt  to  briu 
the  arm  of  the  jib  into  a  parallel  position  to  the  inner  part  w 
the  ropes.    These  inconveniences  may  appear  to  be  triBing, 
but,  in  actual  practice,  they  are  of  do  small  importance ;   for 
they  necessarily  require  a  much  greater  degree  of  power  in 
raising  goods,  and  the  application  of  a  constant  force  to  keep 
the  jib  in  the  position  that  may  be  requisite  j  while  the  par- 
tial stress  which  is  exerted  on  only  a  few  strands  of  the  rope, 
whilst  bent  into  an  acute  angle,  destroys  it  in  a  very  short 
time. 

A  simple  construction  of"  the  jib,  invented  by  Mr.  Bramab, 
obviates  all  these  defects,  and  at  the  same  time  possesses  the 
very  desirable  property  of  permitting  the  jib,  of  what  is  termed 
a  wharf  or  landing  crane,  to  revolve  wholly  round  its  axis, 
and  to  land  goods  at  any  point  of  the  circle  described  by  Ac 
ann  of  the  jib. 
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I'he  umplest  form  of  this  contrivance  is  shown  in  fig.  343,  in  wluch  A  A 
represents  the  jib  of  a  warchouse-crano  projecting*  from  a  wall.  It  has,  an 
usual,  a  pulley  at  the  extremity,  from  which  the  goods  arc  suspended.  Tlie 
improveinent  consists  in  placing  a  pulley  at  S,  to  conduct  the  rope  down 
through  the  axis  of  motion  of  the  jib,  the  collars  or  rings  a  a,  on  which  it 
swings,  being  perforated  for  the  purpose.  The  rope  afterwards  passes  under 
a  pulley  6,  which  conducts  it  into  the  house  to  the  crane  or  machine  by 
vrhich  the  weight  is  elevated.  The  pulley  b  may  be  placed  between  tho 
collars  4K  a,  and  then  there  will  be  no  necessity  for  a  perforation  of  the  lower 
pivot  of  the  jib.  "When  the  jib  is  required  to  describe  a  complete  circle, 
instead  of  the  two  bmckets  at  a  a,  fixed  to  the  wall,  a  cast-iron  pillar  is  used 
to  support  the  jib,  the  collars  a  a  fitting  upon  it;  the  pillar  is  hollow,  to 
admit  the  rope  through  it,  and  is  firmly  fixed  in  a  vertical  position,  by  a 
plate  cast  on  the  lower  end  of  it,  and  screwed  down  on  the  timber  of  the 
vharf.  Beneath  these  beams,  there  is  another  pulley  in  place  of  b^  to  con» 
duct  the  rope  to  the  crane. 

Tig*  344  represents  a  crane  mounted  on  four  trucks,  to  be  capable  of  re- 
moval from  place  to  place.  It  was  employed  on  Kamsgate jpicr,  for  lifting 
stones  used  in  the  budding,  and  is  extremely  well  adapted  for  such  a  situ- 
stlon,  as  it  requires  no  fixture,  and  will  take  up  a  weight  of  four  tons  with 
four  men,  which  is  sufficient  power  for  such  purposes.  It  was  designed  and 
executed  by  Mr.  Peter  Kier,  by  order  of  the  trustees  for  the  management  of 
the  harbour  at  Ramsgate.  Its  base  consists  of  a  cast-iron  frame  marked  A  B, 
nine  feet  seven  inches  square,  and  two  tons  weight,  supported  on  four  cast- 
iron  wheels  b  b,  one  pair  of  which  is  fixed  on  a  common  axle,  which  moves 
round  on  a  centre  fixed  to  one  side  of  the  frame.  This  axle  has  an  arm  pro- 
jecting across  beneath  the  frame  to  the  opposite  side,  where  a  rack,  or  seg- 
ment of  a  wheel,  is  fixed  on  it,  as  shown  at  f,  engaging  a  pinion  r,  shown 
before  the  rack,  on  the  top  of  whose  axis  a  winch  is  applied  at  d.  Now,  by 
turning  this  pinion,  it  twists  the  wheels  round  upon  the  centre,  to  steer  the 
crane  when  moving  from  place  to  place.  A  vertical  cast-iron  shaft  marked 
D  F,  weighing  23  cwt.  is  erected  on  the  centre  of  the  iron  frame,  and  is 
supported  by  oak  braces  E  E,  stepped  into  boxes  cast  out  of  the  iron  frame 
A  B,  at  its  angles,  so  as  to  form  a  very  strong  perpendicular  column,  round 
which  axis  the  whole  crane  traverses.  The  weight  of  the  framing  and  wheel- 
work  is  supported  by  a  steel  pivot,  or  gridgcoii,  on  the  top  of  the  shaft  F, 
snd  is  guiued  by  a  collar  embracing  the  shaft  at  I.  I'hc  framing  of  the  jib, 
or  movable  part  of  the  crane,  consists  of  a  long  beam  G  II,  beaniig  the  pulley 
G  at  the  extremity,  resting  on  the  pivot  of  the  upright  pillar  in  the  middio, 
and  the  other  end  supporting  the  frame  for  the  wheel-work  L  M  N;  into  this 
beam  are  framed  two  uprights  Q  Q,  suspending  the  pbtform  I  K,  on  which 
men  who  work  the  crane  stand.  It  is  bmccd  by  u  diagonal  stay  J  P,  and  a 
cross  piece  R,  to  prevent  its  bending. 

Mr.  Bramah's  ingenious  hydrostatic  principle  of  gaining 
a  great  power  is  applicable  in  several  ways  to  the  raising  of 
hea\'y  weights,  and  has  been  frequently  employed  in  powerful 
cranes.  In  these  the  power  is  not  obtained  by  wheel-work, 
puUiea,  or  any  other  ordinary  mechanical  powers,  but  on  the 
principle  of  the  experiment  called  the  hydrostatic  paradox, 
vhich  has  been  known  for  ages ;  but  the  application  of  its 
powers  to  useful  purposes  is  due  to  Mr.  Bramah. 

The  simplest  form  is,  for  a  machine  to  raise  a  heavy  weight' 
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I  imall  height.     A  mcuUtc  crtinder,  suflleienlly  «troag,  , 
aod  bored  tfuiy  cylindrin]  within,  liai  a  solid  piston  fiuol 
into  it,  which  u  made  perfectly  water-tight,  b)-  Icatlier  pAck-    | 
tng  roand  iu  edn,  crr  other  means  used  in  hydraulic  cngioek.    , 

'  The  bottom  of  iKe  cylinder  must  be  madr  sulficicDtly  strtWg 
with  the  other  parts  of  the  surface,  to  rcsifl  the  greatest 
■train  which  can  ever  be  applied  to  it.  In  the  bottom  oi  tiha 
cylinder  in  innertcd  the  rva  of  the  small  tube,  the  apcrtun  of 
which  communicates  with  the  io&ide  of  the  cylinder,  and 
intrmluces  water  or  Buids  into  it;  the  other  end  of  the  pipe 
communicates  with  a  small  forcing-pump,  by  which  the 
water  can  be  injected  into  the  cvUnder  beneath  Its  piilon ; 
the  pump  has  of  course  valvea  to  prevent  the  return  of  the 
water.     Now.  suppose  the  diameter  of  the  cylinder  to  be  six 

*  inches,  aod  the  diameter  of  the  piston  of  ihc  small  pump,  or 
injector,  oolyone-qaarter  of  an  inch;  the  proportions  between 
the  two  surraces  or  ends  of  the  said  pistons  will  be  as  the 
squares  of  their  diameters,  which  arc  as  1  lo'i4  ;  therefore  the 
areaa  will  be  as  1  to  576 ;  and  supposing  the  intennediat^ 
apace  between  them  to  be  filled  with  water,  or  any  other 
dense  and  incompressible  fluid,  aay  force  applied  to  the  small 
piston  will  operate  on  the  other  in  the  above  proportion  of 
1  to  576.  Suppose  the  small  piston,  or  injector,  to  be  forced 
down,  when  in  the  act  of  forcing  or  injecting,  with  a  weight 
of  30  cwt.  which  can  easily  be  done  by  means  of  a  long 
lever,  tht  piston  of  the  great  cylindtT  would  ihen  be  moved 
up  with  a  force  equal  to  1  ton  multiplied  by  576. 

Fig.  343  represents  a  crane  constructed  upon  the  hydro* 
statical  principle,  that  is,  by  the  injection  of  water  from  a 
small  pump  into  a  large  cylinder,  whic^  is  fitted  with  a  pistoa, 
having  a  rack  attached  to  it  for  the  purpOta  of  turning  a  pinidlr 
tipon  the  axis  of  a  large  drum-wheel  or  barrel,  round  whi(^ 
the  rope  is  coiled,  and  from  thence  passes  to  the  jib. 

The  figure  A  A  represents  tlic  jib,  made  of  iron,  and  supported  npon  tro 
bmckctB  n  0,  projecling  from  tlie  wall  of  the  warehouse  in  which  the  cnneii 
■unpofiedlo  III:  erected.  The  rope  passcsovor  the  pulley  S.  and  down  throng^ 
hDlc*  intlic  brackets  a  n,  llicn  turns  under  the  pulley  b,  and  comes  to  tlie  lower 
Ma  of  Ihc  gre^Lt  dnim -wheel  B.  The  pinion  Cis  fixed  on  the  same  axisvith 
thit|  and  it!  i^dgeons  turn  in  small  iron  fmmes  d,  bolted  down  to  the  floor  of 
the  warehouse.  The  pinioii  C  is  actuiitcd  by  the  teeth  of  the  rack  D,  and  i 
small  roller,  whose  pivot  is  shown  at  e,  presses  ag^nst  the  back  of  the  net 
to  keep  ii«  teeth  up  to  the  pinion.  The  rack  is  attached  to  the  piston  D 
of  ihe  cylinder  I,  in  which  the  power  for  working  tlie  crane  is  obtained 
Tile  piMun  puies  through  a  light  collar  of  leather  on  the  top  of  the  cylinder 
at  K,  which  doe™  not  admit  ol"  anj  leakage  by  the  side  of  it,  and  therefore  if 
any  water  is  forced  into  the  cylinder  it  must  protrude  the  pislon  froiait. 
The  cylinder  is  aupported  in  a  wooden  frame  ¥  T,  and  has  a  srcaQ    copper 
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pipe  g  g%  prooceding^  from  the  lover  end  of  it,  communic&ting^  with  a  small 
forcui^pump  at  h;  this  stands  in  an  iron  cistern  II,  which  contains  the 
water,  and  sustains  the  standard  1 1,  for  the  centre  of  the  handle  G,  with 
which  the  pump  is  worked  by  one  or  two  men.  The  upper  extremity  of  the 
standard  1 1  guides  the  piston  rod  of  the  pump,  to  coniine  it  to  a  vertical 
motion;  /  is  a  weight  for  counteTbalancing  the  handle  G  of  the  pump. 
From  what  we  have  said  before,  the  operation  of  this  machine  is  evident;  the 
power  of  the  cylinder  D  is  in  proportion  to  its  size  compared  with  the  size  of 
the  pump;  but  as  it  only  acts  throngli  short  limits,  the  pinion  and  drum  B  arc 
neressaiy  to  raise  the  weight  a  sufficient  height.  The  operation  of  lowering 
goods  by  this  crane  is  extremely  simple,  as  it  is  only  necessary  to  open  acock 
at  m,  which  suffers  the  water  to  escape  from  the  cylinder  into  the  cistern  H, 
and  the  weight  descends,  but  under  the  most  perfect  command  of  the  person 
who  regulates  tlie  opening  of  the  cock;  for  by  diminishing  the  aperturcj  be 
can  increase  the  resistance  at  pleasure,  or  stop  it  altogether. 

Fig.  345  is  a  side  elevation  of  a  crane.  I'he  poet  is  immovable,  and  Is 
fSxed  on  an  iron  frame,  with  arms  extending  in  the  form  of  a  cross,  the 
extremities  of  wlilch  are  bolted  down  by  strong  screws  to  large  blocks  of 
stone  sufficiently  hea\'y  to  more  than  counterpoise  the  weight  to  he  raised  by 
the  crane.  In  tlie  top  of  the  post  is  fixed  a  ^kTought-iron  pivot,  by  which  the 
weight  is  supported,  and  a  strong  cast4ron  cap  bears  on  the  pivot,  and  has 
attached  to  it  two  iron  frames,  one  on  each  side,  that  receive  the  pressure 
from  the  stay,  as  well  as  support  the  pull  of  tlte  jib,  which  is  formed  of  tv^ti 
bars  of  wrought-iron;  the  lateral  pressure  is  borne  by  the  bottom  of  the  post« 
round  which  two  friction-rollers  turn  to  facilitate  its  motion.  This  crane  will 
cany  five  tons  with  safety. 


I 


rilB  orEKATIVK  MECHASfC 


PRESSES. 

Thf.  press  is  a  machine  in  most  extensive  use  in  the  se- 
i:hanjc  arts.  It  ia  usually  made  of  wood,  or  iron,  and  serve* 
to  squeeze  or  compress  any  body  very  close. 

Screw-prcssea  generally  consist  of  six  members,  or  piccn; 
viz.  two  flat  smooth  tables  of  wood  or  metal,  between  which 
the  substance  to  be  pressed  is  placed ;  two  screws,  or  \roTmt, 
fattCDcd  to  the  lower  plank,  and  passing  through  two  holes  in 
the  upper;  and  two  nuts,  in  form  of  an  S,  serving  todrive  the 
Upper  planlt,  which  is  movable,  against  the  lower  which  is  sta- 
ble and  without  motion. 

Presses  used  for  expressing  liquors,  are  of  varioin  kinds; 
some,  in  most  rexpccts,  the  same  as  the  comman  presses,  e^ 
ccpling  that  the  under  plank  is  perforated  with  a  great  number    < 
of  holes,  lo  let  the  juice  run  through  into  a  tub  or  receiver 
underneath. 

1,  An  improved  cider-preis^  turned  by  a  windlass,  isshowit 
in  Rg.  284. 

A  A  i»  the  base  rtr  foun lUtion  wilfcits  snpporting'  p»rts;  B  B  the«I)ee1»  W 
viMcrai  M  D  the  croi>>ptei-c  At  Uip.  tbtmigh  which  tiie  screw  ptaacs,  and  ivhicli 
ronietjuenllj  coniaiiistliefemiilpKreu'i  T.  the  screw  with  its  Appenilwrs;  PP 
th(  brulpifir  cn)ts.piei:c  which  acts  on  the  ponimiget  HG  is  die  videpludt 
or  yat  on  wbich  Ibe  pulp  irits  in  the  hsir  bagi,  in  which  the  iMid*  it  'ifi 
liqnor'ii  pSMinR  oirisscpn. 

This  kind  of  p^■■1.^  may  be  iKlviiriUj^-coii'ily  pinpl'iTCil  Tor  pactinjj  doth, 
p*pcr.  nnd  ollur  pnuds;  ai  alan  in  paiKT-irills,  for  il;iHciiinj;  and  rendering 
paper  solid;  and  in  Iht  miinufarturc  ui  woollen  cloth,  forglaziri]''  and  setting  » 
^niah  upon  ttic  article  in  its  lost  titLigo. 

S.  Two  elevations  of  a  very  good  screw-press  for  a  paper- 
mill  arc  given  in  tigs,  285  and  286. 

A  A  is  the  bed,  formed  of  an  immeitse  l>cani  cjf  mk,  ntiil  each  of  (he  cbeekf, 
B,  consists  of  a  lon^  iron  bar  b  b,  Sg.  286,  tlic  ends  of  whicli  are  welilcd 
log'etber,  so  that  it  I'orms  a  lon^  sink,  one  end  of  uliich  receives  the  end  of 
the  bed  A,  and  the  other  the  end  of  a  massive  cast-iron  bar  D,  through  wUcb 
the  screw  E  is  received,  and  its  mil  lixcd  fast  therein.  The  open  spaces  of  the 
long  links  or  cliceks,  b,  b,  are  fitlc<l  up  by  mils  of  wood  C,  which  support 
the  weight  of  parts  of  the  prt'ss  when  it  is  not  in  action,  but  tliese  beai 
nothinfr  when  the  press  has  any  articles  under  pressure  in  itj  these  article 
are  laid  at  1!,  on  the  bed,  ami  the  follower,  G,  is  pressed  upon  them  by 
the  screw,  when  it  Is  turned  by  a  long'  lever  put  Ihroujjh  tJic  holes  in  the 
screw-head  F. 

The  screws  employed  for  paper-presses  are  generally  formed  with  such 
coarse  threads,  and  so  r:i[iid  a  spiral,  that  the  elasticity  of  the  paper  is  suffi- 
cient to  force  it  to  run  back.  To  the^c  .1  r.ilcliet-ulieel,  u,  is  fixed,  and  i 
click  t,  fig.  287,  is  applied  to  its  teeth;  to  prevent  ila  return,  the  dick  i» 
supported  on  a  bar  6  0^  which  move^  on  a  centre  at  B,  but  the  other  cndi*  1 
retained  by  a  catch  or  lever  f^.     IVheii  llie  pre^s  is  to  be  relieved,  ''*      ' 


r 


'IMkn-^" 


M 


1 


AND  MACHINIST.  ^      ^       S95 

fnAf,  of  the  catchi  is  driven  back;  this  relieves  the  bar  cf  6,  and  the  click  no 
Nn^^r  detaining  the  i^tchct-whcel,  the  screw  runs  back. 

3,  A  very  ingenious  and  useful  packing-press  has  been  in* 
vented  by  Mr.  John  Peek.    It  is  represented  in  fig.  288. 

A  A,  the  frame  of  the  press;  B  B,  the  laiigfc  screws,  which,  in  this  press, 
Tontrary  to  those  in  common  use,  is  fixed  and  immovable;  C  a  circular  iron 
»ar,  extending  beyond  the  sides  of  the  press,  and  having-  thereon  two  wormsi 
wt  endless  screws  E  E,  which  work  in  two  toothed  wheels  fixed  to  the  nuts, 
Ad,  by  turning  the  winch  D,  drive  the  nuts  and  bed  up  and  down  the  screws 
Ji  may  be  found  necessary';  F,  a  stage,  suspended  from  tlic  bed,  and  on  which 
he  men  stand  who  work  thcf  ]>ress;  such  a  stage  may,  if  found  necessary, 
»c  fixed  at  the  other  end  of  tiie  bar,  as  shown  by  the  square  shoulder  G. 
7ht  bed  of  this  press  must  be  formed  of  two  pieces  of  strong  wood,  which 
re  held  togetlier  by  screws  and  nuts,  passed  tlurough  them,  as  shown 
t  h  h  h  ft.  The  great  utility  of  this  press  consists  in  its  being  capable  of 
racking  two  sets  of  bales  at  once;  thus  answering  the  purpose  of  two  presses, 
rith  more  expedition. 

4.  The  hijdrostatic  or  water-press^  or  as  it  is  sometimes  called 
Bramah^s  Press ^  has,  for  a  great  number  of  purposes,  super- 
leded  the  use  of  the  screw-press,  over  which  it  possesses  great 
idvantages,  in  all  cases  where  a  strong  pressure  is  required. 
It  is  one  among  the  many  useful  inventions  of  the  late  Mr. 
Joseph  Bramah,  of  Piccadilly ;  and  is  ingeniously  contrived 
ibr  applying  the  quaqua  versum  pressure  of  fluids  as  a  power* 
All  agent  in  many  kinds  of  machiner}^ 

These  contrivances  consist  in  the  application  of  water,  or 
^er  dense  fluids,  to  various  engines,  so  as,  in  some  instances, 
Bd  cause  them  to  act  with  immense  force ;  in  others,  to  com- 
aiunicate  the  motion  and  powers  of  one  part  of  a  machine  to 
tome  other  part  of  the  same  machine ;  and,  lastly,  to  commu- 
nicate the  motion  and  force  of  one  machine  to  another,  where 
iieir  local  situations  preclude  the  application  of  all  other  me- 
thods of  connection. 

The  first  and  most  material  part  of  this  invention  will  be  clearly  under* 
(tood  by  an  inspection  of  fig.  289,  where  A  is  a  cylinder  of  iron,  or  other 
jDaterials,  sufliciently  strong,  and  bored  perfectly   smooth  and  cylindrical; 

Eo  which  is  fitted  the  piston  B,  whi<Th  must  be  made  perfectly  water-tiglit, 
leather  or  other  materials,  as  used  in  pump-muking.     The  bottom  of  the 
«/iinder  must  also  be  made  suiKcicntly  strong  with  the  other  part   of  the 
•vface,  to  be  capable  of  resisting  the  greatest  force  or  strain  that  may  at 

ty  time  be  reciuired.  In  the  bottom  of  the  cylinder  is  inserted  the  end 
the  tube  C;  the  aperture  of  which  communicates  with  the  inside  of  the 
cylinder,  under  the  piston  B,  where  it  is  shut  with  the  small  valve  U,  tlie 
■une  as  the  suction-pipe  of  a  common  pump.  The  other  end  of  the  tube 
C  communicates  with  the  smaU  forcing-pump  or  injector  E,  by  means  of 
vfaich  water  or  other  dense  fluids  can  be  forced  or  injected  into  the  cylin- 
ier  A,  under  the  piston  B.  Now,  suppose  the  diameter  of  the  cylinder  A  be 
13  inches,  and  the  diameter  of  tlie  piston  of  the  small  pump  or  injector  E 
Miy  one  quartet  of  an  inctii  tl^e  proportioa  between  the  two  flurfaces  or  ends 


)  3.104)  und  KiiplMiiini;  the  iiilL-nn«ili«c 
ith  wslcr  or  oUi«r  ikoM  fluid  capable  4 
nuinciciii  rcMwancc,  ui*  nin-i:  in  onn  |)ii.tiiii  will  «■!  on  the  iMllcr  just  in  Of 
■bo*e  pTOpdition,  lit.  m  1  i*  t»  23Q4,  SuppUK  the  oiaLI  piiton  in  Utc  '» 
jcetdt  Ui  b^  farced  down  wlicn  in  the  id  of  pmnpi'tg  or  injecting  wUer  iw, 
llic  cjUiuIft  a,  with  the  power  uf  30  cwL  whirh  could  caul)-  be  donr  bj  tk 
lever  II  (  thr  pinon  Q  woulil  Iben  l>c  mored  up  with  ■  fgrce  ctjusJ  to  M  c*i 
niuUipUcd  by  930*. 

Tliun  la  conatruded  ■  hTdro-mrcbaiiicsI  engine,  wbereb^  a  v^tt 
■mountinir  to  3304  ion*  can  be  r»liei)  by  t,  simple  lever,  thraofh  cqM 
*p*ce,  in  much  Icm  time  tlwn  could  be  done  br  any  ipptiratos  connniMl 
•n  th«  known  principle*  oT  inci:lianic»i  and  it  muy  be  proper  to  obaet<(^ 
thai  llic  effect  of  df  other  wpchanicuj  combitmlionit  is  counUrBrtwJ  If 
•n  accumuUted  cDmplicalion  nf  parti,  wbidi  rendcn  them  lacapaUe  a 
licinit  iiKfull}'  extended  beyond  a  crrlain  decreet  hut  in  machine*  aeud 
«Bon  iM-  ronitructcd  on  this  principle  every  difficulty  of  thit  kiiid  ii 
«liviatcd,  and  Ihcir  power  Bubject  tn  no  finit«  natTalnt.  Tn  prure  tUv 
it  will  ho  only  nereiury  to  remark,  that  the  force  of  unv  mschiiie  atfia| 
upon  tliit  principle  can  be  iiicrcused  ad  tHfiailnnt,  either  liy  cilcTidtnf>  lii 
jiroportion  between  the  diametef  of  tlic  cylinder  A,  or  by  applying  fteaMr 
pnwcr  to  the  lever  II. 

¥\%.  'itti  rrpruKcnt*  the  section  of  an  onjiinei  by  which  rery  wottdoM 
"  la  may  be  produced  instatilaneouily  liy  niearu  <h  compresK-d  ur>  A  A  ' 
:yliniler  with  tlie  piston  B  ftiting  aip-tl^ht,  in  the  ume  inanacr* 
II  flf.  389.  C  ii  a  g;1ohuUr  vcsaet  made  of  e«p|icr,  iron,  or  otlHV 
...   .„  iriJii,  capable  of  resisting  immenae  forCei  simillir  to  thoae  of  w* 

Kiiii^  1)  i.i  a  lUunic  tube  of  amull  bore,  in  whidi  U  tlie  ttop-cock  E.  OM  d 
«  «ii.U  nf  liiis  tube  coinmunicatca  with  the  cylinder  under  the  piaoo  B, 
and  the  other  witli  the  globe  C.  Now,  mipiXMC  the  cylinder  A  to  be  Ai 
Mine  diameter  aalhkt  In  fljf.  389,  and  the  tube  D  equal  I^ane-quaMerrf'a  . 
bieb  diatmtrr,  wbich  it  tfia  aame  «•  the  injertor,  fi^.  SS9i  then,  suppMe  thd 
-'r  I*  inieeled  into  the  globe  C,  (by  the  common  roeU.otl,)  •'■"   ■• 
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chine  miiy,  by  nicuni  of  fluids,  be  transf'i:m'd  or  communicated  to  uMAer, 
let  Ihcir  ditlmcv  und  local  situation  be  whut  Ibcy  may.  A  &nd  B  art  tw4 
Kiiiall  lubes,  Binoutli  and  cylindricd,  in  tlic  inside  of  each  of  which  ia  a  piiton, 
ntade  waler  and  air  ti^bl,  aa  in  ligs.  ^88  and  2ij9.  C  C  is  a  tube  conveyed 
under  ground,  or  otherwise,  from  tlie  bottom  of  one  cylinder  to  the  other,  to 
fbrm  a  cutinnunicatioii  between  them,  notwithsunding  their  distance  be 
never  *o  tcreat,  this  tube  bein^^  filled  witlt  water  or  other  fluid,  until  it  tondi  J 
the  bottom  of  the  piston;  then,  by  depressing  the  piston  A,  (he  pislou  R  will  f 
bi'  raised.  The  same  efl'ect  will  be  produced  rice  ctrad .-  thus  bells  may  be 
ning,  wheels  turned,  or  other  maclunery  put  imisibly  in  motion,  by  a  power 


atioy  the 


ttein),^  upulicd  to  either. 

>'iir.  Jtl-  is  a  section,  showing  anothei 
actiuii  and  force  of  one  machine  to  anotlierj  and  how  water  may  b 
out  of  well)  of  any  depth,  and  at  any  distance  from  the  place  where  tb« 
opcralini;  power  is  applied.  A  is  a  c} Under  of  any  required  dimen■aM^ 
in  uhioh  ii  the  workinr  piston  B,  ;<s  in  the  foregoing  examples;  into  ^ 
bottom  of  this  cylinder  is  inserted  the  tube  C>  which  may  be  of  Icm  boc 
than  the  cyltuder  A.     Thi*  tube  it  costinued,  in  any  required  dilcctiO%    I 
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Jown  to  tliD  pump  cylinder  D,  supposed  to  be  fixed  in  the  deep  well  £  E» 
vid  forms  a  junction  therewith  above  the  piston  F;  which  piston  has  a  rod  G, 
working  through  the  stuffing- -box,  as  is  usual  in  the  common  pump.  To  this 
rod  G  is  connected,  over  a  pulley  or  otherwise,  a  weight  H,  sufficient  to  over- 
balance the  weight  of  water  in  the  tube  C,  and  to  raise  the  piston  F,  when 
the  piston  B  is  liflcd;  thus,  suppose  the  piston  B  is  drawn  up  by  its  rod,  there 
will  be  a  vacuum  made  in  the  pump  cyUnder  D,  below  the  piston  F;  the 
vacuum  will  be  filled  with  water  through  the  suction-pipe,  by  the  pressure 
of  tlie  atmosphere,  as  in  all  pumps  fixed  in  air.  The  return  of  the  piston  B, 
by  being  pressed  downwards  in  the  cylinder  A,  will  make  a  stroke  of  the 
piston  in  the  pump  cylinder  D,  wliich  may  be  repeated  in  the  usual  way  by 
the  motion  of  the  piston  B,  and  the  action  of  the  water  in  the  tube  C.  The 
rod  G  of  the  piston  F,  and  the  weight  H,  are  not  necessary  in  wells  of  a  depth 
where  the  atmosphere  will  overbalance  the  water  in  the  suction  of  the  pump 
cylinder  D,  and  that  in  the  tube  C  The  small  tube  and  cock  in  the  cistern 
I,  are  for  the  purpose  of  charging  the  tube  C. 

By  these  means  it  is  obvious  that  the  most  commodious 
machines,  of  prodigious  power,  and  susceptible  of  the  greatest 
strength,  may  readily  be  formed.  If  the  same  multiplication 
of  power  be  attempted  by  toothed  wheels,  pinions,  and  racks. 
It  is  scarcely  possible  to  give  strength  enough  to  the  teeth  of 
the  racks,  and  the  machine  becomes  very  cumbersome  and  of 
g^eat  expense.  But  Mr.  Bramah^s  machine  may  be  made  to 
possess  great  strength  in  very  small  compass.  It  only  requires 
very  accurate  execution.  Mr.  Bramah,  however,  was  greatly 
mistaken  when  he  published  it  as  the  discovery  of  a  new 
mechanic  power.  The  principle  on  which  it  depends  has 
been  well  known  for  nearly  two  centuries ;  and  it  is  matter 
of  surprise  that  it  has  never  before  been  applied  to  any  useful 
practical  purpose. 

5.  The  Stanhope  printing-press  is  delineated  in  figs.  293 
and  294,  being  elevations,  and  fig.  295,  a  plan. 

A  A  is  a  massive  frame  of  cast-iron  formed  in  one  piece;  this  is  the  body  of 
tile  press,  in  the  upper  part  of  which  a  nut  is  fixed  for  the  reception  of  the 
screw  h,  and  its  point  operates  upon  the  upper  end  of  a  slider  d^  which  is 
fitted  into  a  dove-tail  groove  formed  between  two  vertical  bars  e  e,  of  the 
frame.  The  slider  has  the  platen  D  D  firmly  attached  to  the  lower  end  of  it; 
aind  being  accurately  fitted  between  the  guides  t  e,  the  platen  must  rise  and 
fall  parallel  to  itself  when  the  screw  b  is  turned.  The  weight  of  the  platen 
and  the  slider  arc  counterbalanced  by  a  heavy  weight  E,  behind  the  press, 
which  is  suspended  from  the  lever  F,  and  this  acts  upon  the  slider  to  lift  it 
up,  and  keep  it  always  bearing  against  the  point  of  the  screw. 

At  G  are  two  projecting  pieces,  cast  all  in  one  with  the  main  frame,  to 
support  the  carriage  when  the  pull  is  made;  to  these  the  rails  H  are 
screwed,  and  placed  truly  horizontal,  for  the  carriage  I  to  run  upon  them, 
when  it  is  carried  under  the  press  to  receive  the  impression,  or  drawn  out 
to  remove  the  printed  sheet.  The  carriage  is  moved  by  tlie  rounce  or 
handle  K,  with  a  spit  and  leather  girts  ver}'  similar  to  the  wooden  press. 
Upon  the  spit  or  axle,  a  wheel,  Lf  is  fixed,  and  round  this  leather  belts  are 
passed,  one  extending  to  the  back  of  the  carriage  to  draw  it  in,  and  two 
•fhcrsy  which  pass  nmnd  the  wheel  in  an  opposite  direction,  to  draw  it  ou^^ 
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By  this  meaiMi  when  the  handle  is  turned  one  vay  it  draws  out  tlie  carriafre, 
and  by  revening  the  motion  it  is  carried  in.  There  is  likewise  a  check 
strap  /,  trom  the  wheel  down  to  the  wuoden  base  M,  of  the  frames,  aini 
Ihift  limits  the  motion  of  the  wheel,  and  consequently  the  excursion  of  the 

carriage. 

The  principal  improvement  of  Earl  Stanhope^s  press  con- 
sists in  the  manner  of  giving  motion  to  the  screw,  b^  of  it, 
tvhich  is  not  done  simply  by  a  bar  or  lever  attached  to  the 
acrew,  but  by  a  second  lever  e^  .^ ;  the  screw,  ^,  has  a  short 
lever,  ,{^,  fixed  upon  the  upper  end  of  it,  and  this  communi- 
cates by  an  iron  bar,  or  link,  //,  to  another  lever,  r,  of  rather 
shorter  radius,  which  is  fixed  upon  the  upper  end  of  the 
second  spindle  /,  and  to  this  the  bar  or  handle,  ^,  is  fixed. 
Now  wl\^n  the  workman  pulls  this  handle,  he  turns  round 
the  spindle  /,  and  by  the  connection  of  the  rod,  A,  the  screw,  ^, 
turns  with  it,  and  caii&es  the  platen  to  descend  and  produce 
the  pressure.  But  it  is  not  simply  this  alone,  for  the  power 
of  the  lever,  ^,  is  transmitted  to  the  screw,  in  a  ratio  propor- 
tioned to  the  effect  required  at  the  different  parts  of  the  pull ; 
thus  at  first,  when  the  pressman  takes  the  bar  K,  it  lies  in  a 
direction  parallel  to  the  frame,  or  across  the  press,  and  the 
short  lever  i,  (being  nearly  perpendicular  thereto,)  is  also 
nearly  at  right  angles  to  the  connecting  rod  h  ;  but  the  lever, 
jf,  of  the  screw,  makes  a  considerable  angle  with  the  rod, 
which  therefore  acts  upon  a  shorter  radius  to  turn  the  screw; 
because  the  real  power  exerttd  by  any  action  upon  a  lever, 
is  not  to  be  considered  as  acting  with  the  full  length  of  the 
lever  between  its  centres,  hut  with  the  distance  in  a  perpen- 
dicular drawn  line,  in  which  the  action  is  applied  to  the 
centre  oi  tlie  lever,  llicrelore  when  the  pressman  first  takes 
the  handli  K,  the  lever  i  acts  with  its  full  length  upon  a 
shorter  length  of  leverage,  ,i^',  on  the  screw,  which  will  con- 
sequent! v  be  turned  mine  rapiclly  than  if  the  bar  itself  was 
aitai  lud  to  it ;  hut  on  continuinv;  the  pull,  the  situation  of 
the  levers  change,  tliat  of  the  screw,  /j',  continually  increasing; 
its  acting  K-ngih,  hrcaiise  it  c<Murv,  luarer  to  a  perpendicular 
with  the  connectih^•  roil,  and  at  the  same  time  the  lever  ?, 
diminishinp;  it^  acting  length,  Iv  rause,  by  the  obliquitv  of 
the  lexer,  tlie  rod,  //,  ;ip[ni>:Klu  s  the  centre,  and  the  perpen- 
dicular distance  diminishes  ;  liie  I^ar  or  handle  also  comes  to 
a  more  favourable  position  foi  tin-  man  to  pull,  because  he 
draws  nearly  at  right  angles  to  it'^  Itir^ih. 

All  these  causes  combined  have  the  best  effect  in  producing 
an  immense  pressure,  without  loss  of  time;  because  in  the 
first  instance  the  lever  acts  with  an  increased  motion  upon 
tiie  screWf  and  brings  the  platen  down  very  quickly  upon  the 
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paper,  but  by  that  time  the  levers  have  assumed  such  a 
position  as  to  exert  a  more  powerful  action  upon  each  other, 
and  this  action  continues  to  increase  as  the  bar  is  drawu 
forwards,  until  the  lever,  t,  and  the  connecting  rod  are  brought 
nearly  into  a  straight  line,  and  then  the  power  is  immensely 
great,  and  capable  of  producing  any  requisite  pressure  which 
the  parts  of  the  press  will  sustain  without  yielding.  The 
handle  is  sometimes  made  to  come  to  rest  against  a  stop, 
which  prevents  it  moving  further,  and  therefore  regulates  the 
degree  of  pressure  given  upon  the  work:  but  to  give  the 
means  of  increasing  or  diminishing  this  pressure,  for  different 
kinds  of  work,  the  stop  is  made  movable  to  a  small  extent. 
A  better  plan  is  adopted  by  some  makers  of  the  Stanhope 
press,  viz.  to  have  a  screw  adjustment  at  the  end  of  trie 
connecting  rod  A,  by  which  it  can  be  shortened;  it  is  done  by 
fitting  the  centre  pin  which  unites  it  to  the  lever  ^,  in  a 
bearing  piece,  which  slides  in  a  groove  formed  in  the  rod, 
and  is  regulated  by  the  screw.  This  shortening  of  the  con- 
necting rod  produces  a  greater  or  less  descent  of  the  platen, 
when  the  handle  is  brought  to  the  stop. 

The  carriage  of  the  press  is  represented  vith  wheels,  m  m,  beneath,  to  take 
off  the  friction0of  moving  upon  the  ribs  H.  These  wheels  are  shown  at 
lig*.  296,  which  is  a  section  of  the  screw  and  the  platen,  with  the  carriage 
beneath  it;  and  fig.  297  is  a  plan  answering  to  it.  Fig.  298  is  a  figure  of 
ft  carriage  inverted  to  show  the  wheels;  then  axles  n  are  fitted  to  springs  0, 
and  these  are  adjustable  by  means  of  screws  r,  so  that  the  carriage  will  be 
borne  up  to  any  required  height.  This  is  so  regulated,  that  when  the  car- 
riage is  run  into  the  press,  its  lower  surface  shall  bear  lightly  upon  the  solid 
cheeks  G,  wliich  are  part  of  the  body  of  the  press,  and  these  support  it  whca 
the  pressure  is  applied,  the  same  as  the  winter  of  the  old  press;  but  the 
wheels  by  their  springs  act  to  bear  up  great  part  of  the  carriage  with  the 
types  upon  it,  and  diminish  the  friction,  yet  do  not  destroy  the  contact  of 
the  carriage  upon  the  ribs,  because  this  would  not  give  the  carriage  that 
solidity  of  bearing  which  is  requisite  for  resisting  the  pull.  This  is  only  at 
tile  time  when  the  carriage  is  run  into  tlic  press;  because  as  it  runs  out,  the 
ribs  on  which  the  wheels  run  rise  higher,  and  therefore  the  wheels  support 
the  whole  weight. 

The  manner  in  which  the  wheels  run  in  rebates  or  recesses  in  the  edg^s 
•f  the  ribs,  is  shown  at  fig.  294.  The  carriage  is  made  of  cast-iron,  in  the 
Ibrm  of  a  box,  with  several  cross  partitions,  which  arc  all  cast  in  one  piece, 
and  though  made  of  thin  metal,  arc  exceedingly  strong;  the  upper  surface 
IS  made  truly  flat,  by  turning  it  in  a  lathe.  The  same  of  tlie  platen,  which 
is  likewise  a  shallow  box;  tlie  slider  d  has  a  plate  formed  on  the  lower  end 
of  it,  which  is  fixed  by  four  screws  upon  the  top  of  the  platen,  and  thus  they 
are  united. 

At  the  four  angles  of  the  carriage,  pieces  of  iron,  r,  fig.  297,  are  screwed 
on,  to  form  bearings  for  the  quoins  or  wedges  which  arc  driven  in  to  fiisten 
the  fonn  of  type*  upon  it  in  the  true  position  for  printing.  The  tympan  P, 
fig,  993»  is  attached  to  the  carriage  by  hinges,  with  an  iron  bracket  or  stop 
to  ciilch  it  when  it  it  thrown  back;  the  frisket,  R,  is  joined  to  tlie  tympan, 
and  when  opened  out,  rests  against  a  frave  sutpended  firom  thr^  ceiling.  Thei 
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the  impretrioB  1  whkli  beio^  thus  made,  the  platen  can  ht 
diBuoited  from  the  nMhlsery  and  removed  from  off  the  type* 
by  the  foot,  or  othcrwiw,  to  take  out  the  paper,  and  introdnee 
a  frcih  sheet. 

Thirdly,  Hie  Mid  laichincry  for  producing  the  pressure  » 
a  combination  of  leVeri,  actuated  by  a  craoK,  or  short  lever, 
turned  by  a  wiach,  or  hiodle,  to  which  the  pressman  ap|dief 
by  his  hand ;  or  the  pressure  amy  be  produced  by  the  tread 
of  the  foot. 

Fig.  S99  is  a  horizontal  plane ;  fig.  300,  a  veitical  sectioa 
taken  through  the  middle;  and  fig.  301,  an  end  Tiev;  tho 
sane  letters  of  reference  being  used  in  each. 

AAKprewittthc  tablctwanAoeutMAwtiiditkeiypa*,  fce.  BMbid-iM 
■urftce  traly  HmX,  uid  nuy  ba  tnule  of  wood,  atinie,  or  metak  or  uij  ol 
■ubituiee  lued  for  the  euiug«  of  printing- prcMO.  Thti  tthkit  is  iDooti 
upon  »  frame  of  wood  of  meUl,  coDiiitmy  of  lep  B  B,  uid  cnm  br«c(i 
C  C,  or  any  other  kind  of  nippoit  my  be  uad  wUeh  «il]  finnly  KUbia  | 
the  tablet  at  a  proper  bei^it'from  the  ground.  Tha  tablet  baa  a  tyiapa^ 
B  and  9,  jnined  to  it  at  the  wdi  9,  in  the  umuI  ins— »r,  and  open  into  the 
pontion  of  the  dotted  linei  10,  to  take  off  or  put  on  the  ihect  of  papo^ 
which  ii  confined  by  the  ftiiket,  II,  in  tlie  una!  auinner;  the  dotted  hiM% 
13,  repreaent  the  gallaw*  or  aupport  tor  the  ^mpan  and  friaket  wba  ^ 
opened. 


For  bttening'  the  type*  upon  the  tablet,  or  what  the  printera  call  maknc 
R{piter,  quiuni  or  wedgea  mar  be  introduced  at  the  angtci,  in  the  umib 
mannefi  but  a  preferable  method  ia  to  have  acrew*  13,  13,  fitted  thnu|k 


pieces  which  are  made  &9t  to  the  aides  of  the  tablet,  and  between  the  poinU 
of  iJicse  screws  the  diasc,  or  frame  of  types,  ia  held  steady  upun  the  tabled 
and  msy  be  adjusted. 

Beneath  the  tablet  are  the  Icvcra  marked  D  B,  D  E,  their  fulcmms,  or  fixed 
centre-pins,  beinjf  at  D,  and  thev  act  upon  doulile  hooks  or  chitrhes,  F  F. 
When  the  ends  E  arc  depressed  ^y  means  of  the  tliird  lever  I  G,  situated 
benealh  and  common  to  botli,  tlie  connection  being-  made  with  the  link  t, 
the  lucrum  of  the  lever  is  at  t-i  and  H  is  a  third  point  to  n'hich  the  power 
to  actuate  it  is  applied  by  a  connecting  rod  K,  die  opposite  end  of  which  it 
joined  to  a  crank  or  short  lever  L  M,  situated  upon  an  axis  or  spindle  L, 
which  extends  to  the  front  of  the  machine,  andhai  a  winch  or  handle  N,  fit^' 
299,  upon  it,  for  the  pressman  to  turn  it  by. 

The  platen  of  the  press  is  ahown  at  0  O;  it  may  be  made  of  wood  or  iiwi( 
as  usual,  but  must  be  exactly  true  on  ilm  lower  surface,  which  applies  t« 
the  face  of  the  types  £21,  upon  the  tablet  A  A.  On  the  top  of  the  pUU* 
is  a  strong  metal  bar  P,  which  may  be  either  cast  in  one  piece  with  it,  or 
united  to  it  by  screws  at  rr,-  at  its  eiftrcniities  it  has  bolts  dd,  fixed  to  H 
by  screws  or  otherwise;  and  at  their  lower  ends  thev  must  have  hfitS* 
which  are  exactly  fitted  to  the  clutches  or  double  boo^is  F  V,  before  6^ 
scribed.  By  means  of  these  the  platen  is  connected  with  the  lever  D  E,  DZ. 
•o  that  a  pressure  may  be  produced  when  the  handle  N  is  turaed  m  A* 
direction  shown  by  the  arrow  in  fig.  300.  This,  by  turning  the  Ictm  JI 
about  upon  its  centre  L,  pushes  the  rod  K,  which  acting  upon  the  poist  B 
•f  the  lever  G  H 1,  moves  it  npon  its  centre  G,  and  deprcMca  the  point  i 
whidt  bciny  MBntWed  with  lbs  sxtrciutiu  fi  of  the  lerus  DE,  If  d* 
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Cuk  o,  they  are  made  to  ptrtake  dT  its  motion,  and  dn|r  down  tke  pkten 
upon  the  types  by  tiie  clutches  F  F,  ufd  hooks  i?dl  By  zeiurning  the  windi 
K  to  its  original  position,  the  pressure  is  relieised,  sind  the  pkten  may  be 
removed  from  the  types  &os:^-At  the  end  of  the  bar  P,  two  springs,  ee, 
figs.  299  and  301,  are  fixed,  and  in  the  ends  of  these  rollers  or  wheels, 
marked/,  are  fitted  to  revolv^||fteely  upon  their  centre-pins.  These  wheels, 
having  grooves  in  their  edges,  run  upon  sharp  angles,  formed  upon  the  upper 
^dge  of  the  two  ndls  R  B,  which  are  extended  across  the  frame  of  the  press^ 
and  project  sufficiently  behind,  as  in  figs.  399  imd  301,  being  supported  by 
brackets  ^,  of  fig.  301,  if  neyssaty.  upon  these  bars  and  wheels,  (or  sliders 
may  be  used  instead  of  wheefi,)  the  pkten  will  run  freely,  to  remove  it  biekp 
wards  and  forwards  off  the  t3rpes,  but  when  brou|^t  over  them  the  bolts 
dd  will  enter  the  clutches  F  F,  ready  to  lecetve  the  action  of  the  lever%  and 
gWe  the  pressure  upon  the  tympan. 

The  springs  e  are  so  adjusted,  that  whea  the  platen  runs  backwards  or  for- 
-wmrds  upon  the  rails  R,  the  under  surface  of  it  wdl  be  sufficiently  raised  above 
the  tympan  to  run  clear  of  it<  but  when  the  hooks  dd  and  F  F  are  united, 
and  the  pressure  given  by  turning  the  handle  N,  these  springs  yield,  though 
they  have  sufficient  strexi^  to  raise  up  the  platen  clear  of  the  tympan,  ue 
instant  the  pressnre  is  reheved. 

To  draw  the  platen  forward  over  the  tjrpes,  a  handle  k  is  fixed  upon  it,  fbr 
tiie  pressman  to  take  hold  by;  but  it  may  be  brousht  by  the  foot,  m  the  fol- 
lowing manner:  the  two  foremost  wheeU^ffi  have  links,  A  A;^  jointed  to  their 
cevtre-pios,  to  connect  them  with  the  upper  ends  of  tiie  two  long  levers  m  m, 
which  are  fixed  to  one  common  axis  n,  fig.  300^  ertending  across  the  whole 
machine,  near  the  ground;  upon  the  axis  a  short  lever  o,  fig.  301,  is  fixed, 
and  a  rod  g  unites  it  to  the  end  of  the  bent  lever  r  4  the  arm  i  m  which  b  made 
broad,  to  serve  as  a  paddle  for  the  foot;  by  depressing  tliis^  the  arm  r  draws 
the  short  lever  o,  and  the  long  lever  mm  causes  the  platen  to  advance  truly 
parallel,  and  come  up  to  the  clutches  P  F. 

To  make  all  the  work  compact,  the  c«itres  D  D  of  the  great  levers,  and  of 
the  lower  lever  G,  as  well  as  the  pivots  L  of  the  winch  N,  are  all  supported 
in  one  frame  composed  of  two  metal  cheeks  8  S,  which  are  situated  beneath 
the  table,  and  united  thereto  by  screws,  or  otherwise,  as  shown  by  the  dotted 
line  in  the  plan,  fig.  299. 

The  power  of  the  press  will  depend  upon  the  proportion  of  the  different 
levers,  and  the  relation  between  the  space  described  by  the  motion  of  the 
handle  N,  and  the  descent  of  the  platen  O;  but  it  should  be  observed,  that 
the  power  of  this  press  mcreases  as  the  handle  descends  to  tlie  horizontal 
position  shown  in  fig.  300;  first,  because  the  handle  is  then  in  the  most 
nvonrable  position  to  receive  the  workman's  body;  secondly,  the  lever  L  M 
comes  to  a  positioa  which  gives  it  a  great  power  ai^  force  the  rod  K,  viz.  as 
is  shown  by  the  dotted  line  L  2,  for  when  the  lever  and  rod  come  to  one 
straight  line,  its  power  to  force  the  rod  K  may  be  considered  as  infinitely 
great;  thirdly,  the  lever  G  H  is  in  the  most  fiivourable  position,  marked  G  2, 
to  receive  the  action  of  the  rod  K,  viz.  perpendicular  to  it;  foorthlv,  the  lever 
G I  is  in  a  position  to  have  greater  power  on  the  links  a  and  the  levers  D  £, 
than  when  it  is  in  a  horizontal  position.  All  these  sources  combined  have 
the  best  effect  in  saving  time,  and  at  the  same  time  producing  immense 
]iressure;  for  when  the  pressure  first  takes  hold  of  the  handle  N,  it  acts  but 
with  fittle  advantage  with  respect  to  power  on  the  levers,  and  therefore 
Mnga  tile  platen  £>wn  very  quickly  upon  the  lympans,  with  little  loss  of 
tine  or  motion,  till  they  have  amnmed  positions  in  which  they  exert  more 
powerfhl  action  upon  each  other,  aa  above  stated;  and  this  action  continues 
to  iacnease  until  the  lever  L  M  and  rod  K  come  nearly  Into  a  line,  when  the 
yower  is  immeoaefy  grtat,  and  capable  of  producing  any  requoed  pressure, 
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, parts  ortbe  press  will  withMnnd  nilhoul  yieldicf .     The  hiodlcS 

^c  to  come  to  m  >top,  or  real,  which  prevenUiUlnov^iigrartLrrthiBda 

.tion  of  tlie  dotlcd  Ime*,  and  therefore  re[^latc«  the  degree  of  prcMR 

..<n  """1  the  work.     But  to  eive  the  means  of  iBercasing'  or  diiniiiislui( 

t"  n  3t  pleajure  for  different  kinils  of  work,  the  centre  bote  of  ik 

ic  in  »  piece,  which  it  fitted  in  n  ^noi'e  in  tlie  nxl  Ki  therein 

iiigi;  II  in  the  groove,  it  hu  the  *icie  efTret  is  Icn^henin^  the  ni, 

produces  a  greater  descent  of  tlie  platen  when  the  handle  is  bmnril 

'  inor)!  a  screw,  r,  is  fitted  intDtheendafthe^TOoie,  to  screw  the  pacttir' 

Tooir,  >nd  prcTcnt  it  getting'  loosain  working-. 

*>thod  of  producing  the  same  tfletl  is  to  adjust  the  nul»  wintk 

Ihc  screws  at  the  lop  of  the  bolts  dd  i  or  it  may  be  dtm  If 

■•n.  J  ..IE  screws  at  r,  and  filling  packing  hetKcen  Ihc  fittiog  0^4^ 

pU —  -<id  tile  bar  P;  tlir  same  may  1>c  done  to  at^just  the  platen  puaUetw 

it  '  nore  at  one  purt  than  aiKKher, 

.  ma;  be  applied  to  \»ke  off  all  nhake  or  loosenesses  in  the  JtM> 
'  (  done  in  different  wa\-s:  a  strong  spring  may  be  fiscd  beneath  4* 

1  act  upon  the  dulcli  F,  10  UR  it  up,  and  keep  the  joint  tigbti  V 

-  •"ring  may  be  fixed  on  the  lever  U  E,  (as  shown  un  the  uppiaict 

tlic  dutch  F,  and  anolber  hcin^  fixed  to  tlie  lever  beneilb,  M* 

— o'  e  end  upon  a  pin  in  the  frames  will  lift  up  the  lever  and  link* 

Keep  tiiem  all  tight  for  working.     If  it  be  thought  objectionable  for  the  Nf 

K  lo  push  endways  on  the  leTcrs,  U  nuiy  be  contrived  to  dra.w  or  pull,  l>5 

placing  the  lever  H  ^ove  the  ^indlc  L,  instead  of  beneath  it,  and  il« 

reversing  the  form  of  the  Icrer  G  II  I;  tiie  points  G  nnd  H  to  remain  ai  d«r 

ure,  but  the  poini  I  to  be  on  the  opposite  side  of  the  centre,  lii.  above  it: 

and  with  tliis  allMation  tlie  drawing  of  the  rod  K  will  produce  the  pmam, 

indcad  of  pushing  il,  as  in  the  figure. 

^     Fig.  303  shows  another  uranRemcnt  of  the  lever  for  a  press.    In  ^ 

figure  the  lame  letters  Are  used  to  denote  the  inme  parts,  thus:  A  >•  4* 

tablet,  D  E  the  levers,  P  tlie  clutches,  O  the  platen,  P  the  crosa-bar:  Iheendi 

K  iif  the  levers  are  tonnected  by  :i  link  a,  with  a  third  lever  T  W,  whoK 

centre  or  fulcrum  is  at  V;  the  power  is  applied  to  the  long  end  by  a  chain ', 

which  19  conducteil  over  a,  pulley  or  rollur  r,  and  wound  upon  a  wheel  H 

nhich  is  filed  upon  the  axle  ot  the  handle  to  work  the  press.    To  pW 

greater  power,  the  wheel  may  be  formed  like  a  spiral,  instead  of  circuli 

tliat  the  chain  may  lay  upon  a  shorter  radius  when  tlie  pressure  is  produced 

7.  Within  these  few  years,  numerous  and  great  itnprove- 
inents  have  been  made  in  printing-presses;  but  the  best  that 
we  have  seen  is  the  invenlion  of  Messrs.  Bucon  and  DonkiDi 
who  exhibited  it  before  the  university  of  Cambridge,  by  whom 
it  is  now  employed  in  the  printing  of  bibles  and  prayer-bo{ria. 

Mes-ii:i.  Bacon  and  Donkiii's  press  consists  in  adapting  the    ■ 
types  to  be  fitted  upon,  and  form  the  surface  of  a  prismatic    | 
roller,  such  as  a  squ.ire,  pentagon,  hexagon,  octagon,  or  other    I 
figure,  and  mounting  this  in  a  frame,  with  the  means  of  tura*  '  , 
ing  it  round  upon  its  centres;  a  second  ruller  is  applied  in 
Buch  a  manner,  that  its  surface  will  keep  in  contact  with  the    i 
surface  of  the  types,  which  are  inked,  and  the  machine  ' 
put  in  motion,  the  paper  which  is  to  be  printed  is  | 
through  and  receives  the  impression.     The  types  are 
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by  a  cylinder  which  18  applied  to  revolve  with  its  surface  in 
contact  with   them.     By  this  invention,  the  advantages   of  , 
types  between  rollers  are  obtained,  although  the  types  are 
imposed  upon  plain  surfaces. 

Fig^.  303  contains  a  perspective  yiew  of  a  machine,  the  prism  A  of  which  is 
square  in  its  section,  and  has  the  ordinary  types  or  letter-press  applied  upon 
its  four  sides,  and  firmly  attached  to  it.  The  pivots  at  the  end  of  the  axis  of 
this  prism  are  supported  in  the  frame  B  B,  and  it  is  caused  to  revblve  by  a 
connection  of  wheel-work  D  £  and  F  G,  from  the  yinch  and  fly-wheel  at  H.  - 
The  types  upon  its  surface  are  caused  to  print  upoo  the  paper  by  means  of 
a  second  roller  1 1,  called  the  platen,  placed  inmicdiately  beneath  the  former, 
and  its  surface  being  formed  to  a  particular ^urvature,  produced  by  four 
segments  of  cylinders,  its  circumference,  when  it  turns  round,  will  alwa}'s 
apply  to  the  surface  of  the  types,  and  thus  a  sheet  of  paper  being  introduced 
between  tliem,  will  receive  the  impression.  The  ink  is  applied  to  the  types 
bv  means  of  a  cylinder  K  K,  placed  above  the  prism;  it  is  composed  of  a  soft 
elastic  substance;  and  that  its  surfiice  may  always  apply  to  the  types,  its 
spindle  is  fitted  in  pieces  Ll^  which  moving  upon  an  axis  n,  permit  the 
cylinder  to  rise  and  fall,  to  accommodate  itself  to  the  motion  of  the  types. 
The  ink-cylinder  receives  its  ink  from  a  second  cylinder  M  M,  which  is  ouled 
the  distributing-roller,  also  composed  of  a  soft  substance,  and  is  supplied  with 
ink  by  a  third  ink-roller  N  N,  which  is  made  of  metal,  and  extremely  true. 
Tlie  ink  is  lodged  in  quantity  against  this  roller  upon  a  steel  plate  0  O,  the 
edge  of  which  being  placed  at  a  very  small  distance  fhrni  the  circumference, 
permits  the  roller,  as  it  revQhres,-to  cany  down  a  Tcry  Ihin  film  of  ink 
upon  its  surface,  and  this  being  taken  off  by  tHe  distributing-roller,  is 
applied  to  the  surface  of  the  inking-cylinder,  which,  as  before  mentioned, 
inks  the  types. 

The  sheet  of  paper  is  introduced,  as  shown  in  the  figure,  by  placin|^  it 
upon  a  blanket,  V'hich  is  extended  upon  a  feeding-board  P  P,  and  drawn  into 
the  machine  at  a  proper  time,  by  having  a  small  ruler,  2,  fixed  to  it.  The 
ends  of  this  are  taken  forward  by  two  studs  6,  attached  to  endless  chains, 
which  are  extended  from  the  wheels  e,  e,  at  the  end  of  the  platen,  to  other 
wheels  (/,  dy  winch  are  supported  in  the  frame  of  the  feeding-board.  The 
wheels  e, «,  having  teeth  entering  the  links  of  the  chains,  cause  them  to 
traverse  when  the  machine  is  turned  round,  and  at  the  proper  time  the  pins, 
b,  draw  the  ruler,  2,  and  blanket  forward,  and  introduce. the  paper  into  the 
machine,  and  by  passing  between  the  prism  and  platen  it  is  printed,  ias  before 
mentioned.  This  is  tlie  general  action  of  the  machine;  and  wc  shall  proceed 
to  detail  the  structure  of  the  several  parts.  • 

The  type  is  composed,  and  made  up  into  pages,  in  the. usual  manner;  the 
pages  are  then  placed  in  frames  or  gallies  a,  a,  and  fastened  by  the  screws 
at  the  ends,  the  shape  and  use  of  the  gallies  being  adapted  to  the  size  of  the 
page  it  is  intended  to  print.  These  gallies  are  attached  to  the  four  sides  of 
the  central  axis  of  the  prism  by  the  screw-clamps  1,  the  edges  of  the  g^lies 
being  mitred  together.  By  reUeving  the  clamps,  the  gallies  can  quickly  be 
removed,  and  oUiers  put  in  their  places.  The  platen  It  is  composed  of 
four  segments  of  cylinders,  t,  r,  which  arc  attached  to  the  different  sides  of  the 
central  axis  I,  by  means  of  screws,  and  these  seg^mcnts  being  proportioned 
to  the  prism,  will  be  the  true  figure  for  the  platen  to  produce  the  required 
motion,  so  that  the  surface,  when  it  revolves,  will*  in  all  positions,  preserve 
an  accurate  contact  with  the  surface  of  the  types.  The  two  wheels  D,  E, 
which  cause  the  prism  and  platen  to  accompany  each  other,- arc  formed  to 
correspond  with  the  two.     Thus  the  upper  wheel  D  is  square,  with  its 
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an^tci  Toundcd  ofT,  u)d  the  pilch  or  ^ometnea)  outline  i>  exactly  of  ihc 
niDP  liie  u  th«  squire  formed  br  the  lurt'uei  of  the  types.  Tlie  luwer 
wheel  E  ii  of  the  ume  *hH|iG  aa  the  platen,  and  iu  pitch-tine  tlie  euct 
■ixe  of  tbe  lurfacc  thereof.  The«p  whecli  beia^  cut  into  teeth,  u  th«  Rgmt 
■bows,  will  lum  each  other  round,  and  nuke  Iheir  lurfaccl  at  the  point  of 
contact  exact!}'  cnireFpoitil  in  tli«ir  motinna,  k)  u  to  have  no  akding^  of 
■lipping  upon  each  other.  To  rcmilate  the  presnire  upon  the  paper,  the 
bearings,  in  which  the  pivots  nf  the  platen  are  lupported,  can  be  elecated 
b;  iciswi,  3,  and  il«  lurface  will  pTe>«  uith  mtire  forte  upon  (he  t^rpeat  but 
that  ihil  ■tuf  not  derange  the  actjun  of  the  wheels  U  and  E,  uniTersal  junta 
■re  applied  in  their  axle^at  R.  Thi;  inkjr^-cj'linder  K  is  caused  to  prc- 
•ene  Its  proper  dUlance.  trom  the  centre  of  the  pritm  hy  wheels  S,  fixed 
upon  its  axis,  and  resting  upon  shapes  T,  (iied  upon  the  axis  of  the  prinn. 
Each  of  the  shapes,  like  the  Wheel  D,  hu  four  Hui  sides,  coRctpondios  in 
tiic  with  UiG  lurfiicca  of  the  tjpc^i  the  angles  are  rounded  to  sel^ents  of 
>  circle  from  the  ccnlrci  the  wheels  S  nre  of  the  same  uxc  as  the  inking- 
eflindcr,  UicreliOT,  is  they  rest  upon  the  shapes  T,  ihey  pravent  the  iith- 
cylinder  psning  upon  th(^  types  with  any  more  thin  a  sufficicRl  fiWE^  t« 
communicat*!  the  ink  without  hlotting'.  The  inking^ylinder  is  timed  mund 
by  a  cog-wheel  N,  u|>on  the  extremity  of  the  axis  of  the  prism,  wluch  is  rf 
the  Mmc  k!ia]>c  as  tlir  wheel  D,  and  cn^^s  another  wheel,  W,  upon  the  ji 
end  of  the  tpiiidin  of  the  inkiog--eylinderi  the  latter  wheel  likewise  giTCi  • 
notion  to  the  distributinjT-roller  by  a  pinion  /,  and  this  again  (nma  the  ink- 
nllcr  by  a  third  pinion  g,  fixed  upon  the  end  of  iln  axis  n,  which  ia  sup- 
ported upon  bearings  II,  O,  in  the  frauie.  The  pieces  L,  I.,  which  fiq>p<i>t 
tiio  pivni*  of  the  dialKhuting-rolltr  and  iuking^yiindcr,  nre  fltti^d  upon  ibe 
axis  n  of  the  inking-cylitider,  so  as  to  rise  and  fall  upon  its  centre ;  and  tbe 
distaueet  of  the  toilers  being  thus  kept  invariably  the  tame,  their  cintin- 
flerenoes  are  kcpl  sccuntclv  in  contact,  to  commutiicate  the  ibk  lo  cacb 
Other.  The  steel  plate  U,  wliich,  as  before  mentioned,  regulates  the  qttantit/ 
of  ink  that  the  rMler  N  shall  take  round  with  it,  is  mippoited  by  ■  piece 
extended  ncrowi  the  fixed  frame  B  B.  There  are  pieces  of  mctnl  fixed  upon 
this  pliitc  bv  tliiimb-ruif".  "-hi.-h  prevent  the  irk  ftowinj;  citl'  :it  the  ends,  .nj 

Ihcv  enter  Into  pn.-.' -  •'..■■i.-!    i-" !    .1,,.  ,.,k-rr.!1'-- \,  ,r  it   cuds.     Ttie 

machine  is  put  ii.  n ■         'i-.     :   ■■■■i'      .1  ,;!       '■  ■    (i..      .   .  I    11.  and  this  lui 

The  frame  sunportinj,'  tlie  fccdLii^-lioiird  P  cornlsts  of  two  rails,  X,  fitted 
upon  the  asis  of  the  platen,  anil  siippnrted  at  th€  opposite  ends  by  a  brace 
from  (he  framing!  thcj  sustain  tlie  pivots  of  ihc  wheels  d,  i,  for  the  chains: 
X  are  tno  rulers  tiled  at  e.ich  side  of  the  feeding-board,  and  formiDg  1 
lodjrmcnl  t'ui'  tlie  ends  of  the  itilcr  3,  which  is  attached  to  the  blanket,  and 
it  slides  upon  these  when  it  li  advanced  hv  the  chains.  The  spaces  on  the 
platen  between  the  si'gmcuts  (,  1,  arc  all  filled  up  by  pieces  of  wood 
except  one,  and  in  Ibis  spare  Ilie  nder  is  received  when  it  passes  throu^ 
the  machine.  In  Ihc  interial  when  the  spaces  between  the  types  are  passing 
owcr  the  sheet,  and  (lierefore  leave  the  ni.irgin  between  the  pages  of  printing, 
tlie  paper  is  not  held  lietii'ceu  the  rollei-s;  but  lo  prevent  it  from  slipping 
during  this  inleival,  llie  bbrikct  ^inl  paper  are  pressed  down  upon  the 
pieces  of  wncd  wlilili  fill  i,i]i  in  i)ir>  pl:il£Ti  btlwcen  the  segments  i,  1,  by  the 


|.p.r  pi.rt  ul'  the  revnluUuit,  tliey  fall  into  the  spaces  at  the 
111,  betiveeti  the  pages  of  the  type*,  and  thus  escape  theink- 
itn  they  ai-c  at  tbe  lower  part  of  their  revolution,  Ihey  M 
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upon  the  paper,  and  press  it  with  sufficient  force  upon  the  pieces  of  wood 
in  the  platen  to  cuny  the  paper  forward  at  the  interval  when  tlie  t3rpe8  do 
not  act  upon  it,  and  of  course  while  the  space  between  the  pag^  of  the 
printing  is  passing  through. 

The  operation  of  printing  being  very  delicate;  and  requiring 
great  accuracy,  the  machine  is  provided  with  many  adjust- 
ments to  make  it  act  correctly,  which  are  as  follows  ^— The 
segments  f,  i,  upon  the  platen-roller,  are  attached  to  the 
central  axis  I,  by  three  screws  at  each  end  ;  the  two  middle 
ones  of  these,  (represented  with  square  heads,)  draw  the  seg- 
orients  down  upon  the  central  axis,  whilst  the  others,  (which 
are  turned  by  a  screw-driver,)  bear  them  oflF;  therefore,  by 
means  of  these  screws,  the  segments  can  be  accurately  ad- 
justed, till  they  are  found  by  experiment  to  apply  correctly 
to  the  types,  and  make  an  equal  impression  on  all  parts  of 
the  sheet.  To  render  the  whole  impression  greater  or  less, 
the  screwy  3,  beneath  the,  bearings  of  the  platen-roller,  are 
turned  as  before  mentioned.  The  degree  of  pressure  with 
which  the  ink-roller  bears  upon  the  types  is  regulated  by 
increasing  or  diminishing  the  size  of  the  shapes  T,  which 
support  its  weight.  And  to  render  these  capable  of  adjust- 
ment, each  is  composed  of  four  pieces,  marked  6,  attached  by 
screws,  7,  to  a  central  piece  or  wheel,  which  is  fixed  upon 
the  axis ;  and  as  the  edges  of  these  pieces  form  the  outline 
of  the  shape,  they  admit  of  being  adjusted  by  other  screws  to 
a  greater  or  less  distance  from  the  centre,  and  of  course  may 
be  made  to  bear  up  the  ink-cy\inder  till  the  pressure  on  the 
types  is  equal  throughout  the  whole  surface,  and  sufEcient 
to  supply  the  ink  properly.  The  ink-cylinder  is  adjustable 
as  to  its  pressure  against  the  distributing-roller,  and  for  this 
purpose  the  bearings  i,  which  support  the  cylinder,  are  fitted 
upon  the  pieces  L,  to  slide,  being  capable  of  regulation  by 
means  of  screws.  In  a 'similar  manner,  the  distributing- 
roller  can  be  adjusted  to  a  proper  distance  from  the  inking- 
cy Under.  The  plate  o  can  be  adjusted  for  the  distance  from 
tne  ink-roller  N,  by  screws  pk  fastened  by  thumb-nuts ;  this 
regulates  the  degree  of  colour  the  impression  will  have,  by 
permitting  the  roller  N  to  take  more  or  less  ink ;  behind  the 
inking-cylinder  K,  a  rubber,  or  scraper,  is  placed,  to  press 
very  lightly  against  the  cylinder,  and  to  prevent  the  ink 
accumulating  in  rings  round  the  cylinder,  it  is  fitted  upon 
centres,  and  held  up  by  a  lever  which  is  suspended  by  a 
catch  y,  at  the  end  of  the  piece  L.  This  catch  u  withdrawn 
when  the  machine  is  not  at  work,  and  then  the  scraper  falling 
dowD  upon  its  centre,  does  not  touch  the  cylinder.    It  is 
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iry  thit  the  wheels  D  and   E  should  be   placed  \ipc 
UH,  in  such  a  position  ihat   their  curvature    will  cor-  I 
i  with  ihe  curvature   of  the  prism  and   platen.     For  i 
irpose  the  universal -joint  R  is  fined  upon  the  axis  /,el  1 
lec      with  a  round  part,  that  it  may  turn  on  it-    A  nien 
•4  -V       is  fixed  fast  upon  the  spindle  /,  and  has  a  hole  in 

■  reception  of  a  tooth  j,  which  is  screwed    fast  apon 
;rsBl-jointj  then  two  screws  being  tapped  through  the 
if  the  picte  r,  press  upon  the  end  of  s,  and  by  forcing 
. «        T  way,  will  adjust  the  wheel  with  respect  to  the  nUtcB 
1)  incv  exactly  correspond  j  another  similar  adjustment  nay 
o  :d  to  the  upper  axis.  ^ 

nanner  of  forming  the  ink   and  distributiDg  rolleti 
1    un    clastic   substance    is  worthy    of  particular    notice. 
thcr  stuffed  in  the  manner  of  a  cushion  was  first  used,  but 
not  succeed,  because  it  became  indented  with  the   tvpcs^ 
after  many  trials,  a  compotition  of  glue,  nixed  with 
le,  was  found  to  answer  perfectly.     The  roller   is   made  , 
copper   tube,  covered   with    canvass,   and    placed  in  a 
.  which  is  a  cylindrical  metal  tube,  accurately  bored, 
tl  vithinsidc  ;  the  melted  composition  is  then  poured 

DUt  in  ;  apace  of  the  mould,  and  when  cold,  the  whole  is 

drawn  out  of  it,  with  the  glue  adhering  to  the  copper  tube, 
mnd  forming  an  accurate  cylinder  without  any  further  trouble. 
The  composition  will  not  harden  materially  by  the  exposure 
to  air,  nor  does  it  dissolve  bv  the  oil  contained  in  the  ink. 
This  machine  is  well  adapted  to  print  from  stereotype  plates, 
which  the  universities  have  adopted  for  their  bibles  and 
prayer-books. 

bramah's  bank-note  press. 

8,  It  was  formerly  the  custom  in  the  Bank  of  England  to 
(ill  up  the  number  and  dates  of  their  notes  in  writing,  till  the 
year  IH09,  when  the  machine  invented  by  Mr.  Bramah  wai  ' 
adopted  for  this  purpose.  By  this  contrivance,  the  numben 
and  dotes  were  inserted  not^only  in  a  more  uniform  aad 
elegant  manner,  but  the  labour  was  diminisftd  to  less  than 
oiic-sixth  of  what  it  was  before.  i 

The  copper-plates  from  which  the  words  of  the  notes  are  J 
printed,  an:  double  )  tliat  is,  they  throw  off  two  notes  at  a 
time  upon  one  long  piece  of  paper.  This  piece  of  paper, 
containing  two  notes,  is  then  put  into  the  machine,  which, 
prints  upon  ihrm  the  number  and  dates  in  such  a  manner,tblt 
the  types  chiingc  to  the  succeeding  number,  and  that  At  * 
whole  operation  is  performed  without  any  auentioD  oa  the 


r 


liArrK  >:oTK  iMtiii^s 


ri.:iff. 


:i04  p  .'<».*» 


1 


IP 


E 


_     *vs 


^ 


I  ^1 J 


AND  MACHINIST.  309 

part  of  the  clerk.  If  one  of  the  notes,  for  example,  is  N^  1, 
N^  1,  and  the  other  on  the  same  paper  N°  201,  N°  201,  when 
these  are  printed  the  machine  alters  itself  to  N°  2,  N^  2,  and 
N^  202,  N^  202;  and  in  printing  these,  the  types  again  change 
to  N°  3,  N°  3,  and  N°  203,  N°  203.  The  date  and  the  word 
London  are  cast  in  stereotype,  and  each  machine  is  furnished 
with  one  of  these  for  every  day  in  the  year,  and  they  of  course 
are  changed  every  day. 

The  Bank  of  England  has  upwards  of  forty  of  these  ma- 
chines, the  greater  part  of  which  are  in  constant  use.  It  was 
formerly  considered  sufficient  labour  for  each  clerk  to  fill  up 
the  number  twice  repeated,  and  date  twice  repeated,  400  notes 

Ser  day;  but  since  the  introduction  of  the  machine,  one  clerk 
as  printed  1,300  double  notes,  which  are  equal  to  2,600  sin- 
gle ones ;  for  though  in  the  machine  the  double  notes  do  not 
require  more  labour  than  single  ones,  yet  to  fill  up  the  blanks 
by  writing  would  occupy  twice  the  time. 

The  mechanism  by  which  this  is  effected  is  extremely 
ingenious,  and  the  principle  is  not  limited  to  the  numbering 
of  notes,  but  is  equally  applicable  to  the  purpose  of  printing 
any  series  of  numbers  which  require  continual  alteration.  We 
have  represented  one  of  these  machines,  which  is  not,  how- 
ever, precisely  the  same  as  those  in  use,  being  only  a  single 
one,  and  adapted  for  printing  one  note  at  once ;  but  we  have 
only  to  suppose  it  extended  to  twice  the  length,  and  furnished 
with  a  double  set  of  types,  in  order  to  fit  it  for  printing  two 
notes  at  the  same  time. 

In  fig.  Z05,  a  perspective  view  of  this  machine  will  be  found,  and  a  section 
of  its  parts  at  fig".  304^  in  both  of  which  the  same  letters  of  reference  are  em- 
ployed. A  solid  piece  of  mahogany,  A  A,  forms  the  base  of  tlie  machine, 
and  to  this  two  iron  plates,  B  D,  are  screwed,  forming  the  sides  of  a  box,  the 
Iront  of  which  is  removed  in  fig.  305,  to  exhibit  the  mterior,  and  the  back  is 
concealed  between  tlie  mechanism.  Across  this  box  an  axis,  D,  is  placed, 
having  its  pivots  fixed  into  sockets  which  are  fiistened  in  the  sides  of  the  frame, 
as  is  evident  from  the  figure.  This  axis  carries  the  tympan  £,  which  gives  the 
pressure  to  print  ofli*  tlie  note  attached  to  it  by  screws;  and  a  lever,  F,  is  als» 
fixed  to  the  axis,  by  which  the  operator  forces  down  the  tympan.  llie  mova- 
ble t>'pes,  in  which  the  principal  novelty  of  tlie  invention  consists,  are  fitted 
into  a  series  of  brans  circles,  mounted  upon  an  axis  G,  extending  across  the 
centre  of  the  fnune.  These  circles  are  sufficiently  pointed  out  in  the  per- 
spective view,  by  the  numerals  on  tlie  types  fixed  in  them;  tliey  are  ten  in 
number,  arranged  in  two  lots  of  five  each. 

Each  circle,  (shown  more  plainly  at  I,  fig.  304,)  is  divided  into  eleven 
parts,  and  at  each  a  rectangular  notch  is  cut,  to  receive  the  types  1,  2,  3, 
4,  5,  6,  7,  8,  9,  0  and  a  blank  type.  Five  of  the  circles,  thus  prepared* 
being  placed  side  by  side,  upon  a  fixed  axis,  G,  on  which  they  revolve 
freely,  are  sufficient  for  printing  any  number  less  tlum  100,000;  becsuse,  aa 
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Thp  profCM  now  conlinucn  throuKh  the  sucressii-e  hundreds  i' 
minncr  ks  before  till  999.    The  buck  uis  In  now  shifted  to  the  fourth  ti 
anil  the  t}ire>e  first  inuit  be  adrmccd  by  hand  vhen  their  rcquiiT!  it.    : 

gil99  the  bick  inii  i>  shifted  to  the  tifth  circle,  ind  it  i  ■"    '  " 

beyond  nhich  it  is  not  required  to  print. 


[vertical  printing-press,  invented  by  DANIEL  NKAI.L,Or 
PUILADKirHIA. 

9.  From  an  examination  of  this  press,  wc  shall  at  once  pep 
ccivc  its  conformalion  and  construction  to  be  altogether  oe* 
While  in  operation,  so  regular  and  in*piiUive  are  its  movt^ 
ments,  that  a  epettator  would  readily  conclude  it  to  be  autw 
matical.  The  motion  of  the  bed  and  t\*pc,  which  arc  euin' 
elevated  by  the  hand  of  the  operator,  gives  motion  to  IM 
whole  establishment.  The  press  seems  to  be  performing  itT 
various  parts  by  a  kind  ofinsiinctiwhile  the  operator,  abridge^ 
of  his  labour,  and  nearly  superseded  in  his  office,  has  bm  11 
left  him  to  perform.  In  this  point  of  view  it  may  very  pi 
perly  be  considered  a  labour-saving  machine,  and  the  advi 
tages  resulting  from  this  fact  are  too  obvious  lo  escape 
notice  of  an  observer. 

The  art  of  printing,  although  affording  abundant  advantag^ 
to  the  world  as  the  conservator  of  all  other  arts,  has  been  ui 
accountably  neglected,  and  has  not  until  recently  receive) 
that  attention  from  scientific  and  literary  genius  which  it 
merits  undoubtedly  claim.  Printers  themselves,  though  oj 
all  others  more  immediately  concerned  in  the  facility  of  '>t» 
provcments,  have  been  contented  to  drudge  on  in  the  elaboraS 
minutiae  of  their  profession,  and  the  bulk  of  mankind,  accu^ 
tomed  lo  printed  books  from  their  childhood,  have  grown  \i, 
in  the  belief  that  an  art  so  perfect  in  its  adaptation  and  efTeci  '" 
cannot  admit  of  improvement.  ' 

But  we  have  now  to  exhibit  a  press,  (see  plate  40*,)  uponb 
principle  entirely  dlflcrcnt  from  all  others.    This  press  is  th« 
invention  of  Daniel  Neall,  an  ingenious  mechanic  of  Philadrf-  ^ 
phia,  and  ia  secured  to  the  inventor  by  letters  patent  of  the 
United  SAtes,  in  November,  182,5. 

It  is  called  the  vertical  press  from  its  perpendicular  posi- 
tion while  in  the  act  of  printing,  and  in  contradistinciios  W  \ 
the  old  establishments,  which  are  hi 

The  original  plan  adopted  by  thi-  i 
out  has  been  completely  establinhi 
power  of  machinery  so  as  to  ob 
to  work  one  press,  by  enabling 
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with  less  exertion  and  fatigue,  equal  to  two  men  upon  anj 
other  press  whatever. 

The  vertical  press  differs  in  form  {W>m  all  others.  The  platen  A  ia  placed 
perpendicularly  in  a  wooden  frame  B.  The  bed  C  is  hung  on  an  aue»  and 
18  balanced  by  weights  corresponding-  to  the  weight  of  type.  The  fonn  it 
secured  on  it  in  the  same  manner  as  on  other  presses.  The  tympan  D  is  at- 
tached to  the  platen  instead  of  the  bed.  The  pressure  is  ^ven  by  a  combined 
lever,  and  tlie  bar  or  handle  £  is  the  same  as  used  in  other  presses.  The  ink 
is  enclosed  in  a  box  F,  in  which  a  roller  moves;  near  this  are  several  rollers* 
which  receive  and  ^stribute  the  ink  to  a  large  roller  G»  that  passes  over  and 
blacks  the  type..  There  is  also  back,  of  the  platen  a  fly  H»  which  removes  the 
printed  sheets.  The  bed  and  type  are  not  rolled  under  the  platen  as  in  other 
presses,  but  elevated  by  the  hand  of  the  operator,  describing  a  quarter  cir- 
cle, and  come  against  the  platen  enclosing  the  paper  id  be  printed  between 
them.  The  movement  of  the  bed  gives  motion  to  the  inking  establishment^ 
to  the  t^pan,  fiisket,  and  fly,  idl  which  perform  at  the  proper  time  their 
respective  offices.  The  degree  of  pressure  is  graduated  by  a  sciew^  and  may 
be  altered  in  an  instant. 

The  following,  extracted  from  the  schedule  annexed  to  the 
patent,  will  serve  more  particularly  to  illustrate  the  compo- 
nent parts  ^-* 

^  The  platen,  or  flat  tur&ce  against  which  the  paper  is  pressed  in  printing, 
is  made  of  wood  or  metal,  and  firmly  bolted  in  a  strong  quadrangular  wooden 
frame,  in  a  perpendicular  position.  The  bed  or  co&i  in  which  the  type  is 
secured  may  be  of  wood  or  metal,  hung  on  an  axle  and  balanced  by  weights 
mt  the  extreme  end  adapted  to  the  weight  of  type  which  may  be  using.  There 
are  two  ribs  horizontally  on  the  back  of  the  platen,  the  e/ids  of  which  project 
beyond  it,  and  are  perforated  very  near  the  extreme  ends  with  holtt^  perpen- 
dicularly. Between  those  ribs  are  placed  two  levers  that  inteilock  in  the 
centre,  the  outer  ends  of  which  have  a  notch  or  opening  horizontally,  and 
each  perforated  with  two  holes.  The  outer  holes  in  the  levers  next  the  ends 
correspond  with  the  holes  in  the  ribs,  in  which  are  placed  strong  bolts  that 
pass  through  ribs  and  levers,  and  constitute  the  fulcrum  on  which  the  levers 
move.  In  each  of  the  openingpi  in  the  ends  of  die  levers  is  placed  a  strong 
wrought-iron  arm,  through  which  the  bolt  in  the  inner' hole  of  the  lever 
passes.  Each  of  these  arms  has  a  hook  or  strong  projection  on  the  ends  thai 
project  forward,  and  a  strong  screw  in  the  other  end  that  opentes  on  the 
bolt  already  described,  and  nas  the  effect  of  increasing  or  aiminishing  the 
Smpresnon.*' 

*'  From  each  arm  passes  downwards  and  attached  to  the  wooden  fhime  near 
their  centre,  a  flat  rod  of  iron  connected  at  the  lower  end  by  a  joint  bending 
upwards;  which  joint  has  a  treadle  attached  to  it  lying  horizontally  across  ated 
under  the  press  a  little  raised  from  the  floor.'*  The  use  of  these  rods  is  when 
the  press  is  at  work  to  close  or  lock  the  arms  on  the  bed,  which  is  done  by 
the  operator  putting  his  foot  on  the  treadle  and  pressing  it  to  the  floor,  which 
straightens  the  joints  below,  and  presses  open  the  lower  ends  of  the  rodsb 
causing  the  upper  ends  to  lock  the  arms  on  the  bed,  and  being  so  locked* 
the  operator,  by  giving  the  bar  or  handle  a  pull,  makes  the  impression  o^  the 
paper. 

•*  Behind  the  platen,  and  a  little  removed  from  it,  is  placed  the  fly  for  re- 
moving the  printed  sheets.  This  fly  has  its  bearing  in,  ana  b  supported  by  iron 
stays  attached  to  the  upper  rib,  on  the  back  of  the  platen.  The  fly  forms  tltflfce 
tidet  of  a  square,  and  is  iniide  of  wrought4ron.    The  lower  bar  lies  hofuoi^ 
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"<         b»  ftile  on  which  it  turns,  the  upri;;ht  pi.n  lieiiig  k  littl*  ("onM  \ 
benillng  oirer  tow:ir<U  tite  iilatE^n  and  Ijiupkn,  niid  lias  >tUicb«d 
rods  of  metal  mth  pivots  ml  e»ch  end,  on  wliirh  lliev  lun.  Tlicie 
E  ittkched  to  them  near  their  ciidj  two  linnirB  cM^h)  aUo,  new 
1  are  other  anuU  pieces  of  metal  with  ■mull  wi-i^hu  at  tlicir  a- 
Dy  the  wtion  of  the  sirull  wei^ts  the  fiiigcni  are  iuwIt  to  Uf 
sd^e  of  the  printed  sheet,  md  by  a  eirculw  motion   of  the  flj, 
.  >.  i^casioned  by  a  ba.Uncint;  weight  Attached  to  the  loader  bitr,)  b;-» 
uii  n  »helf  behind  tliB platen."  J 

■■  Across  the  front  end  of  the  woodcR  frame,  and  a  little  distant  from  the  I 
A  or  coffin,  (when  in  »  borizontal  position,)  is  placed  the  (ink  binck  or)  I 
lugh,  made  of  cait-iron,  which  Is  ftUcd  with  ink,  and  bus  a  ost-iron  roller  I 
•  nicely  fitted  to  a  wroug'ht-iron  itcmper  aeciircly  futcned  on  the  top  of  ' 
urh,  which,  u  thi>  roller  turns  c  ink,  «crapei  off  alt  but  the  quan- 

|iUT«d  to  black  the  type.  Thisn>i»    hu  i  stop-wheel  click  and  tpring, 
i>  turned  by  a  weiffht  wound  up  in  tu    opeRition  of  the  {iress.    Neaf  the 
__ij  i—M-een  it  and  the  bed,  is  ph_:ed  n  roller  of  wood  in  lenrth  eor- 

cspi  •  width  of  the  preu.     It  it  covered  with  leather  oiily,  and    ' 

'  u  (Fu  uic  ind  end  a  pinion -wheel .     The  apace  between  this  roller  aoA  ^ 

le  one  in  uic  >ii>ugb  U  occupied  by  iw*  •mailer  rollersi  the  larger  bcinf  rf.' 
the  other  of  metal.  These  conv  ,e  ink  from  the  roller  in  ibe  Wntglt  i 
one  covered  with  leather.  (Jnd  lis  roller,  and  a  small  distance  fraia  ■ 
ii,  .«  .  rod  of  iron  extending  aeron  the  ^rc^u  with  the  left  end  projecting  oat-  -I 
side  the  press,  which  end  lias  a  laTK-er  ptnion-wheel  on  it.  and  drives  the  one  I 
before  dcfcribcd.  On  the  projecting  end  of  this  rod  is  »  roller  having  >  rtop- 
wheel,  clicks,  and  sprinj^.  This  roller  ti  two  leather  straps  attached  loilt  . 
nn  one  end  of  said  straps  is  .1  weij^^t-  "n  ,e  oilier  a  lerei^  operated  upon  bj  1 
the  bar  or  handle,  everypiill  of  1  »inds  up  thtt  weight  which  laiudi-     , 

scent  usi&ti  in  distribulinif  the  inl  .  &c.  t 

The  specification  of  the  component  parts,  and  their  iniine>  ^ 

(liatc  and  relative  connexion  willi  others,  is  loo  long  to  be  in- 
serted here;  we  shall,  however,  give  an  account  of  the  mode 
of  using  the  vertical  press,  which  will  show  the  simplicity  of 
its  operations. 

"  The  operator,  hiving  distributed  the  ink  on  tiie  elastic  roller,  and  cinied 
it  to  g'o  over  and  black  tlic  Ivpe,  then  lays  a  sheet  of  paper  on  the  tympan, 
brin^  down  with  the  rif^liC  'hand  the  friskct  which  holds  it  ther«;  the  left 
hand  is  then  applicdtoaliaiidlcattuchudto  the  edge  of  the  bed,  uid  derate* 
the  bed  and  type  to  a  pcrpcndiculur  position.  The  weigtits  attached  to  the  , 
machinery,  (which  drives  the  clastic  roller  over  tlie  type,)  are  by  thlsmotioi 
wound  up.  By  tlie  movement  of  the  bed  and  type,  the  tympan  and  piqw' 
are  brought  fiat  against  the  platen.  The  fly  is  n'lao  brought  to  its  position  fcr 
receiving  the  printed  alieet,  and  umultaneously  with  the  type  striking  tkc 
paper,  the  operator  places  liis  foot  on  the  treadle,  causing  the  arms  to  lock 
on  the  bed:  tite  right  hand  iit  then  applied  to  the  bar  or  handle,  and  be  ghe) 
the  pull  which  makes  the  impresaion  and  prints  the  slieet;  the  nnic  poll 
winds  up  the  weight  to  distribute  the  inki  the  bar  or  liandle  then  goes  back 
to  its  position,  the  foot  is  removed  off  the  treadle,  the  arms  unlock,  and  th« 
bed  and  type  return  to  a  horizontal  position,  and  in  so  doing  wind  up  %  weigU 
that  assists  in  distributing  the  ink.  The  elastic  mltrr,  during  the  time  Aa 
impression  is  making,  receives  the  ink  for  a  second  impression,  and  the  !•■ 
stant  the  bed  and  type  cnme  to  a  horizontal  position  it  is  by  the  detceal 
the  weights  driven  over  the  type  wd  Inks  tlieni;  at  this  time  also  the  Bfl 
looTea  tne  printed  alicei." 
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Six  of  these  presses  are  now,  and  have  been  for  some  time 
constantly  employed  in  one  ofRce  in  Philadelphia,  making  a 
saving  to  the  proprietors  of  many  thousand  dollars.  A 
comparative  statement  of  the  disbursements  of  the  vertical 
press  with  one  of  the  horizontal  kind,  would  satisfy  the  most 
incredulous.  Much  might  be  said  of  the  ingenuity  of  the 
invention  and  the  laudable  zeal  of  the  inventor,  but  it  is  pre- 
sumed unnecessar}%  as  every  candid  spectator  will  be  con- 
vinced of  the  fact  upon  examination.] 


1>ILE-ENGINE. 

The  pile-engine  is  a  machine  by  which  piles  are  driven 
into  the  ground  for  the  foundation  of  the  piers  of  bridges,  and 
various  other  structures. 

The  method  of  driving  a  pile  consists  in  drawing  up  a  very 

heavy  weight,  called  a  ram  or  hammer,  and  by  disengaging  it 

from  the  machinery  by  which  it  was  raised,  letting  it  fall,  by 

the  force  of  gravity,  upon  the  head  of  the  pile.     In  the  most 

simple  machines  the  weight  is  drawn  up  by  men  pulling  a 

cord  over  a  fixed  pulley,  and  when  it  has  attained  a  sufficient 

height  allowing  the  cord  to  slip  from  their  hands,  which  per* 

mits  the  weight  to  descend  with  considerable  force.  The  two 

best  pile-engines  that  we  have  seen  are  those  invented  by 

Mr.  Vauloue  and  Mr.  S.  Buncc. 

Mr,  Valoiic*s  pile-engine  may  be  thus  described.  A,  fig.  306,  is  a  great 
upright  shaft  or  axle,  on  which  are  the  great  wheel  B,  and  the  drum  C, 
turned  by  horses  joined  to  the  bars  S  S.  The  wheel  B  turns  the  trundle  X, 
on  the  top  of  whose  asis  is  the  fly  O,  which  serves  to  regulate  the  motion,  as 
well  as  to  act  against  the  horses,  and  to  keep  them  from  fiiUing,  when  the 
heavy  ram  Q  is  discharged  to  drive  the  pile  P  down  into  the  mud  in  the 
bottom  of  the  river.  I'he  drum  C  is  loose  upon  the  shaft  A,  but  is  locked 
to  the  wheel,  B,  by  the  bolt  Y.  On  this  drum  the  great  rope,  H  H,  is 
wound;  one  end  ot  the  rope  being  fixed  to  the  dnim,  and  the  other  to  the 
follower  G,  to  which  it  is  conveyed  by  the  pulleys  1  and  K.  In  the  fol- 
lower G  is  contained  the  tongs  F,  that  take  hold  of  the  ram  Q,  by  the 
staple  R,  for  drawing  it  up.  D  is  a  spind  or  fusee  fixed  to  the  drum,  on 
which  IS  wound  the  small  rope,  T,  that  goes  over  the  pulley  U,  under  the 
pulley  V,  and  is  fastened  to  the  top  of  the  frame  at  7.  To  the  pulley  block 
V  is  hung  the  counterpoise  W,  which  hinders  the  follower  G  from  ac- 
celerating as  it  goes  down  to  take  hold  of  the  ram;  for,  as  the  follower  tends 
to  acquire  velocity  in  its  descent,  the  line  T  winds  downwards  upon  the 
fusee  upon  a  larger  and  larger  radius,  by  which  means  the  counterpoise,  W, 
acts  stronger  and  stronger  against  it;  and  so  allows  it  to  come  down  with  only 
a  moderate  and  uniform  velocity.  The  bolt  Y  locks  the  drum  to  the  great 
wheely  being  pushed  upward  by  the  small  lever  2,  which  goes  through  a 
mortise  in  the  shaft  A,  turns  upon  a  pin  in  the  bar  3,  fixed  to  the  great 
wheel  B,  and  has  a  weight  4,  which  always  tends  to  push  up  the  bolt  Y» 
through  the  wh.eel  into  the  dnun.  L  it  the  great  lever  turning  on  the  axis  f/i. 
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ami  resting  un  the  lniTiiur  l>:iv  5,  5,  \vhii:Ii  jjors  t]in>ii;^U  a  hollow  in  iJjc  ^liJl 
A,  and  b<'ui's  U|j  lln*  IlMl*   li\('r  J. 

Hy  the  horses  jr*"",^"  rDiiiul,  tin*   fi-oat  rope  II  is  v.'ound  iihoiit   ilic  ilrun.  r, 
«nJ  the  ram  il  is  (h;i\vn  up  l>y  the  tongs  F,  in  ihc  Ibllox^cr  <i,   until  i!r 
tongs  come  between  the  inclined  j^hincs  K,  which,  h)  sh\itiin^  the  tongs  i' 
the  top,  opens  it  ui  the  foot,  and  diM.'hurgc.s  the  nun,  \rliieh   tall*  (Uiwn  h.- 
twccn  the  guides  //A,  upon  the  pile  1*,  ami  drives  it  by  a  i'ew   stnike.s  r^s  Ur 
into  the  mud  as  it  will  go,  uf!<  r  which  the  top  part  is  s:iwcd  ofl   cln-;.'  to  the 
inud  by  nn  engine  for  ih;*t  purpose.    Immediately  after  tbr  i-.tin  Is  di«i«.]»:irifed. 
the  piece  C\  upon  the  fc)ilower  ti,  lukos  hold  of  the  ropes  a  i\  which  r.i  >c> 
the  v\\'\  oi'the  iL-vcr  I.,  and  c:ui*!es  its  end,  N,  to  descend  and  press  down  i:i.» 
fturinu"  bar  5,  ujn»n  th»-  lltih'  lever  2,  which,  by  pulling  do'vii  the  brih  Y, 
unloeu-i  the  ilniin  ('  tVohi  tlu'  grv  ut  wheel  H,  and  then  the  follower  beni;^  n: 
liliiTty  cMiie*  iU>wn  I»\  i»s  ou'n  weight  to  the  ram,  and  the  lower  end^  vf 
the  tongi  slip  oviv  th<-  stajile  K,  and  the  M'elght  of  their  heads  causes  Ihtin 
to  f;ill  ouiward  and  ^hul  upon  it.     Then  the  weight  4  pushes  up  the  boh  \ 
into  the  drum,  which  locks  it  to  the  great  wheel,  and  so  the  ram  is  drawn  u]> 
as  bctbie. 

As  the  foilowiT  comes  down,  it  causes  the  drum  to  turn  back  war:!,  Tin.' 
uiiwin.K->  the  fomo  tVoni  ii,  whiUt  llie  horses,  great  wheel,  trundle,  and  Hy,  pi 
on  with  an  uniiiti.iTui  led  uiotion;  and  as  the  drum  is  turning  backwurd,  '.he 
cou rite -poise,  \\\  is  drawn  up,  ami  its  i-ope  T,  woiuuL  ujiou  the  spin! 
fust  e  I), 

Theix*  are  several  holes  in  t!:<*  under  side  of  the  dnim,  and  the  bolt  Y, 
always  takes  the  fn"st  of  thcni  that  it  fnids,  when  the  dnnn  sto]>s  l)y  the  tidl'.njj 
of  the  follower  u])on  the  \\s\\\\  uiitil  which  stoppage  the  bolt  has  nut  time  to 
slip  into  any  of  the  holes. 

The  peculiar  advantages  of  this  engine  are,  that  the  weight 
called  the  ram,  or  hummer,  may  be  raised  with  the  least 
force  ;  that  when  it  is  raised  to  a  proper  height,  it  readiK' 

di:>cng;igc'^  itself  aiul  f.'lls  with  the  utmost  iVcfJom  ;  tluit  tlio 
/un  cps  or  ton'.;-,  aro  lo\v(.rc(l  down  sj)tr(lil\-,  and  insiantlv  oi 
tii<nv-.eh\:s  a;',a;n  l.i\'  liuhl  ot  the  i\im  and  lilt  it  up. 

'Ill is  cni^/mi-  \va-.  plaeed  upon  a  bart^e  on  the  water,  and  sr> 
was  easily  convcved  to  anv  i.laii'  d-jslred.     'Ihc  ram   was  a 

•  V  •       I 

ton  weij^ht ;  and  the  guides  I?  l.\  h\  which  it  was  let  tall  were 
^>0  feet  hivji. 

V'wrs.  oor  and   .''KS  represent  u  tlJ*    and  iVont  section  ol" 

Tliv"  (.lii'v'f  JMVU  ;;■«■•  \,  f-;;'  ..'i.',  uh',,  li  .,'  ■  t-..i  «■.'!...;  j">:»i.*s  rir  vh;!!.-. 
rotiiicelid  l)y  <  :••■--.  jin- <  s  «'!  \i:\\,  11,  .'•■:.  "'■  ,•  ■■•  :■  «-;)OM-.!.:iv;'  %\i'[i  'V'l 
rrosr.  jri-»)i)\  I  .J  ,i.;.;i|, -I.;-. cid;-.  ( ■  ■  •, j : . I- i', . •  ,n  I'.'  w ! I :  ■  '  <  ,  •  i.--  'T,")  lii*o  wl:i'-'!i 
th«'\  arr  j-iMcivc'i,  ;rui  '.■>  wir.'li  ii-.mus  t:i.  •  »'•(  -ii-  i.liaiii  A  i<  f:in"it.^i 
rouiiil.  r.  M.  I\.  is  ;i  ;.";.](.:  \.».v."  it'  :i  •' ;  '■..■  ».  ■  !■•:•.  iV.'Vi.t-  nJOV:ib!e  '>ii  T.]:.- 
a\ib  11.  M  *s  ;  V  Ii-.A-l.  «)-n-r  V. ':i.'ii  i.iu  «.  .  li-.i  .;. .-  >  :.:^  i  t-.irn<  within  at  tliv 
top  of  'h'.*  r,\.i.i'-.  Ii  .•••..\i'»  (..  v,-i:)!i.,i]\  i"  :-,•  r  lii  1.,  upon  t!ic  centre  Ii. 
'A'.\'\  i  .  k'.  j»*  'n  0\c  J.I  '■'•;  '■,  1'.  :>;.  Ill-  v,\  \.x\r.  I,  Tx-^vl  i..;  t)ic  eiul  K.  In  fis^.  yn\ 
I.  '•  Mir  iini'  1  •;ii,  v.  i,"..;,  ,  ;• .  -.r;.  -.{■... I  \.."j,  iIk'  C'.c--  pie.',  s  b\  xho  lu:>.ik  >.;. 
N  "■ .  a  cv  i.itirli- ii  ii-.f;-  •  t'  .vi..'.  '■'-•■■.  Ui.!  .it.  tl-o  l,.-»;  k  at  (),  uliicli  h\ 
5,li,i*u|L;"  iVi.t  1\  lii)  tlu  '.:..:  ii  .  'N):.:.- 1  ■..-.  :u  i.  :){■:  tv>  lis..-  S..1I!,  alwaj.s  briiij:? 
tr-,-  hook  I'l.r:  ;hl  i,)'-'-  th.  i  ir.il-i  \'.l,i  ;,  ;,.  '.!;^.  '•.ii.vni  i.f  the  niaeiii:u\  in  ttie 
jv.-ii i  Ml  f'f  (x  1*.  >■  ■■•    :. : .  V    '." 

\v  I't  i\  t!  «.  \\  Ii*.  ■■■\''-  ■■.•\i--  'I.'.:  iis'.'i.'il  .  i.ii'. .'.  ;..;s-,  tlic  ra- 1  bcin^  connected  'o 
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the  chain  and  passing  between  the  guidea^  is  drawn  up  in  a  perpendicular 
direction,  and  uhen  it  is  near  the  top  of  the  machine,  the  projectingp  bar  €^ 
of  the  hook,  strikes  against  a  cross  piece*of  wood  at  R,  fig.  30r»  and  conse.» 
quently  discharges  the  ramf  while  the  weight  1  of  the  nu>vab]e  frame  in« 
stantly  draws  the  upper  wheels  into  the  position  shown  at  F,  and  keeps  the 
chain  free  of  the  ram  in  its  descent  The  hook,  while  descending,  is  pre- 
vented from  catching  the  chains  by  the  wooden  piece  R;  for  that  piece  being 
speciiically  lighter  than  the  iron  weight  beloWf  and  moving  with  a  less  de> 
gree  of  velocity,  eannot  come  into  contact  with  the  iron  till  it  is  at  the  bottoni 
and  the  ram  stops.  It  then  falli^  and  again  connects  the  book  with  the  chain, 
vliich  draws  up  the  i*am  as  before. 

In  this  machine,  as  well  as  Valoue's,  the  motion  of  the 
first  wheel  is  interrupted,  so  that  very  little  time  is  lost  in 
the  operation ;  with  a  slight  alteration  it  might  be  made  to 
work  with  horses.  It  has  the  advantage  over  Vauloue's  en- 
gine in  point  of  simplicity;  it  may  be  originally  constructed 
at  less  expense,  and  is  not  so  liable  to  be  deranged.  Both, 
however,  are  ingenious  performances,  and  part  of  their  con- 
struction might  be  advantageously  introduced  into  other 
machines. 


BORING  MACHINE. 

The  boring  machine  is  employed  for  boring  wooden 
pipes  for  the  conveyance  of  water,  and  for  boring  out  the 
metalline  cylinders  used  in  hydraulics,  and  in  pneumatic 
engines. 

The  old  and  common  method  of  boring,  is  to  have  a 
horizontal  axis  turned  round  by  a  mill,  at  the  end  of  which 
a  borer  is  fixed,  and  the  cylinder  is  fastened  down  upon  a 
carriage,  sliding  in  a  direction  parallel  to  its  axis,  and  drawn 
forwards  to  the  borer  by  the  descent  of  a  weight.  The  ob- 
jection to  this  method  is,  that  any  deviatioitlrom  a  rectilineal 
motion  in  the  carriage,  will  be  transferrea  to  the  cylinder, 
and  cause  it  to  be  crooked  ;  and  that  the  weight  of  the  borer 
and  its  axis  acting  on  the  lower  side  only  of  the  cylinder, 
causes  it  to  cut  away  more  at  that  part,  and  render  the  metal 
of  the  cylinder  of  unequal  thickness.  This  evil,  however, 
was,  in  some  measure,  obviated  by  a  contrivance  of  Mr. 
John  Smeaton,  which  was  a  steeKyard  mounted  upon  a  mova- 
ble wheel  carriage,  running  within  the  cylinder.  By  suspend- 
ing the  weight  of  the  cutter  and  boring-bar  from  it,  the 
machine  was  much  improved,  though  still  very  imperfect. 

A  borini^  machine,  for  metal  cylinders,  which  is  not  liable  to  any^  of 
Ihefc  aouTces  6f  error,  ,is  constracted  in  the  manner  shown.  Fig.  314  is  a 
penpecd?e  view  of  th^  ^arhinr  ia  the  sction  of  bsring.  oat  a  cylinder  for 
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» iteMO-engine,  die  other  fipirci  explain  the  eonitruclion  of  iti  psrtt,  tii 
■re  ilrmwn  to  ■  leilc.  In  tig.  314,  A  A  tlunote  Wo  oak  ground  iilU,  which 
an  firmly  bolted  down,  pinllGl  to  each  other,  upua  deepen  let  into  ih« 
ground'  At  each  end  of  theie  a  vertiul  iron  frnnt,  B  B,  is  erected,  to  cnp- 
poit  the  ^d^on(«t  theend  of  along  cylindrical  aiii,  D  D,  wltrch  ii  turned 
round  by  the  mill.  The  cOimtcr  L  L,  which  ia  to  be  bored,  is  lixcd  immo- 
vable over  tlic  bar,  and  exactly  concentric  with  it.  A  piece  of  cast4ron  K  K, 
LL,  (figs.  310,  313.  and  313,)  called  a  cutter-head,  iridc*  upon  the  axis,  and 
Inu  fixed  into  it  the  kni^ea  or  Meelinfrs///.  Which  peiftrrDtlie  boring.  Tbi» 
eiittcr-head  it  moved  along  the  bar  by  machinery,  to  be  hereafter  dcacinbed; 
by  means  of  which  ilia  drawn  or  firced  throiigh  the  cylinder,  at  the  fame 
time  that  it  turn*  round  with  the  axis  D.  The  ateel  cutters  will  neecnaAy 
cut  Bttay  ally  protubentit  metal  which  prajecti  witliin  the  cybnder,  in 
the  circle  vhicn  they  describe  by  their  motion,  but  cannot  poanbly  take 

'rhc  cylinder  ii  held  dotrn  upon  an  adjustable  frsming^,  which  is  reafly 
ftdapled  10  receive  a  cylinder  of  any  tnie  within  certain  limits.  Pieces  of 
iron,  E  E,  ate  bolted  down  lo  the  ground  tills,  having  groores  through  them 
lo  receive  bolts,  wtiich  fasten  down  two  horiaontal  pieces  of  cast-iron  F  F, 
■M  rif;^*  ang-Ies  to  them.  These  boriiontal  pieces  support  four  tnoTable 
upright  standards  GG,  which  include  the  diameter  of  the  cylinder  LL,  which 
i>  euppoj-tcd  upon  blocks,  b  b,  below,  and  held  fist  by  iron  bands  a  a,  dnra 
by  screws  in  the  top  of  the  standards  G  G.  The  cylinder  is  adjusted,  to  be 
concentrie  with  the  axit  O  D,  and  held  firmly  in  iti'place  by  mcani  of  wed^i 
driven  under  the  blocks  aod  the  standards. 

To  explain  the  ircchaiusm  by  which  the  cutters  are  ndvnnced,  w* 
must  refer  to  figs.  311,  312,  and  313;  by  the  ina]>ection  of  which  it  viU 
be  seen  that  the  axis  DD  i^  in  fact,  a  tube  of  cast-iron,  hollow  throughout. 
It  is  divided  by  a  longitudinal  aperture  cr,  fig.310,on  each  nde.  At  tbii 
ends  of  it  is  left  a  complete  tube,  to  keep  the  two  valves  together.  Ttte 
eutter-hesd  KK,  L  L,  consists  of  two  p^irUj  of  a  tube  K  Etted  upon  the 
ixU  n  with  the  greatest  acciiracv,  and  of  a  cait.iron  ring  I.  L.  fixed  upon 
K  K  liy  fo\iP  wedjjcs.  On  its  circumference  are  eight  notches,  to  receii-e 
the  cutters  or  stcelings  //,  which  are  held  in  and  adjusted  by  wedgel- 
The  slider  K  is  kept  from  slipping'  round  with  the  axis,  by  means  of  tvt 
short  iron  bars  ec,  which  are  put  through  to  the  axis,  and  received  into 
notches  rut  in  the  enits  of  the  sliders  K  K.  These  bars  have  holes  in  the  j 
middle  of  them  lo  permit  a  bolt  at  the  end  of  the  toothed  rack  L  to  pan 
through.  A  key  is  put  tlirough  the  end  of  the  bolt,  which  at  the  sane 
time,  prevents  the  rack  being  drawn  hack,  and  holds  the  cross  bantt 
in  their  places.  The  rack  is  moved  by  the  teeth  of  a  pinion  N,  and  ii 
kept  to  its  place  by  the  roller  O;  the  airs  of  the  pinion  and  roller  bcii^ 
supported  in  a  framing  attached  lo  the  standard  BB,  as  ahown  in  a  per- 
spective view  of  the  machine  in  fig.  314.  The  pinion  ia  turned  round  by 
a  lever  put  upon  the  iquare  enA  of  the  axis,  and  loaded  with  the  weigtt, 
P,  that  it  may  haie  a  constant  tendency  to  dmw  the  cutter  through  the 
cylinder.  This  lever  is  capable  of  being  put  on  the  iquare  end  of  the 
axis  either  way,  so  as  to  force  the  rack  back  into  the  cylinder  if  necet- 

In  some  boring  machine*,  another  contrivance,  superior  perhaps  to  wtnt 
we  have  now  ilesrribed,  ii  cmijloycd  to  draw  the  cutter  tlirougb  the 
cylinder.  It  consists  of  four  sm»ll  Hhecls,  one  of  which  ia  fixed  at  Ihs  » 
ri]jlil-hand  estrcniity,  D.  of  the  bar  D  D,  fig.  314.  Another  pinion  i> 
fastened  on  the  extremity  of  an  axis,  analogous  to  the  rack  M,  having  at 
its  other  extremity  a  small  screw,  which  works   in  a  female  screw,  fixed  to 

the  cutter  KK  at  (,  &g.  31(J.    Btlow  the  iccoad  pituon  ia  aaothcTt  con- 
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tuninnf  the  mine  number  of  teeth,  ind  fixed  on  a  horixontal  axii^  panllel 
to  D  D.  At  the  other  end  of  this  axis  b  a  fourth  pinion,  wliich  is  drawn 
by  the  first  pinion  at  the  end  of  the  hoUow  axis  D  D.  The  first  pinion 
has  twenty-six  teeth,  the  fourth  thirty,  and  the  second  and  thira  may 
have  any  number,  provided  they  are  equal.  As  the  axis  D  revolves,  th« 
firsi  pinion  fixed  on  its  extremity  draws  the  fourth,  which  by  means  dT  the 
third,  fixed  on  the  same  axis  Irith  it,  (fives  motion  to  the  second.  The 
•econd  pinion  bein?  fixed  to  an  axis  wiUiin  D  D,  unscrews  the  screw  at  its 
other  extremity,  and  of  course  makes  the  cutter  advance  along'  the  cylinder. 
This  screw  has  eight  threads  in  an  inch,  and  sixty  turns  of  the  axis  are 
required  to  cut  one  inch. 

To  introduce  a  cylinder  into  its  place  in  the  macliine,  it  is  necessary  to 
k«move  the  upper  braces,  /  4  of  the  bearings  upon  the  standarrls  D  B; 
and  by  supporting  the  axis  upon  blocks  placed  under  the  middle  of  it,  tho 
standard,  with  the  pinion  N,  and  roller  fhune  is  removed  by  taking  up  the 
nuts  which  &sten  it  to  the  ground  sills  A  A,  the  rack  M  being  supposed 
previously  withdrawn.  A  cutter-block  L,  of  a  proper  size  to  bore  out  the 
intended  cylinder,  is  now  placed  upon  the  slider  R,  fig.  313,  and  wedged 
Cut.  The  cutter-head  is  then  moved  to  the  fiuther  end  of  the  axis,  and 
the  cylinder  lifted  into  its  -plfice.  The  standard  B  is  returned,  and  the 
whole  machine  brought  to  the  state  of  fig.  314,  the  cylinder  being,  by 
•stimation,  adjudged  concentric  with  the  axis  D.  Two  bars  of  iron  are  now 
vedged  into  the  e  e  in  the  axis,  and  applied  to  the  ends  of  the  cylindert 
while  the  axis  is  tumeH  round  they  act  as  compasses  to  prove  the  concen- 
tricity of  the  cylinder.  Small  iron  wedges  are  drawn  round  its  cylinder  to 
adjust  it  with  the  utmost  accuracy;  and  in  this  state  the  cylinder  is  ready 

for  boring. 

« 

■ 

The  next  operation  is  felling  the  cutters,  which  are 
fastened  into  the  block  L  by  wedges,  and  adjusted  by  turn- 
ing the  axis  round,  to  ascertain  that  they  all  describe  the 
same  circle.  The  boring  now  commences  by  putting  the 
mill  and  axis  in  motion,  and  the  machine  requires  no  atten- 
tion, except  that  the  weight  P  is  lifted  up  as  often  as  it 
descends  by  the  motion  of  the  cutters  or  steelings.  When 
the  cutters  are  drawn  down  through  the  cylinder,  they  are 
«et  to  a  circle  a  small  quantity  larger,  and  returned  through  the 
cylinder  a  second  time.  For  common  work  these  operations 
are  sufficient ;  but  the  best  cylinders  are  bored  many  times, 
in  order  to  bring  them  to  a  proper  cylindrical  surface.  The 
last  operation  is  turning  the  flanch  n  of  the  cylinder  perfectly 
flat,  by  wedging  a  proper  cutter  into  the  head.  This  is  of 
great  importance  to  ensure  that  the  lid  will  fit  perpendicular 
to  the  axis  of  the  cylinder.  The  cylinder  is  now  finished 
and  removed. 

The  accuracy  of  this  machine  depends  on  the  boring  bar, 
D  D,  being  turned  upon  its  Qwn  gudgeons ;  and  if  it  is  turned 
to  the  same  diameter  throughout,  it  will  certainly  be  per- 
fectly straight.  While  the  axis  is  in  the  operation  of  turn- 
ing, a  piece  of  hard  wood  should  be  fitted  into  the  grooves 
of  the  cylinder.     The  slider  K  is  first  bored  out^  and 


*    .  '* 
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^•rds  ground  upon  the  axis  with  emery  to  fit  as  true  as 

L 

The         ■«tioti  of  >  mill  proper  for  moving;  two  of  theie  michinei,  it 
11         .  in  lig.  310.     'Ihp   pillion  30  is  supposed  1o  be  on  the  uts  ot 
I  "-"-woecl,  Jjiil  turns   the   two  wheels  60,   50,   which    have   pwyecBng 

"'"  --..1.-  ^^  jjij.  heud  of  «  screw,  xs  ia  sliown   iii  the 


The  ends  of  the  boring  axes  have  similar  notches,  and  by 
putting  keys  in  between  them,  the  motion  may  be  commu- 
nicated or  discontinued  at  pleasure,  by  the  removal  of  the 
kev- 


FILE-CUTTING  MACHINE. 

TuERE  have  been  various  conti'iyances  for  this  purpose; 
but  the  best  we  are  acquainted  with  is  described  in  the 
Transaction/!  of  the    American  Philosophical   Society,  and    li 

-as  follows ; 

A  A  A  A,  fig.  315,  is  a  bench  of  sensotwil  oak,  the  fcec  of  •Lidl 
is  pivned  very  smooth.  B  H  B  B  tlie  feet  of  the  benvh,  wlitoh  libouU 
be  substantjftl.  C  C  C  C  the  carrtsge  on  which  tlie  files  afe  laid,  wlileh 
Biovea  Klon^  Qii  fuce  of  the  hench  A  A  A  A,  pmllel  to  ils  sides,  md 
carries  (he  files  grwliisUy  under  the  edge  otV\e  eiHier  or  chisel  H  H. 
while  llic  [cDtli  are  cut:  this  c»rri»Be  '"  made  lo  move  by  a  conlri- 
Tiiice  somewliat  similar  to  that  which  cnrries  the  log'  against  the  slw 
of  a  saw-mill,  as  will  be  more  parlicnlaily  Hoscribcd.  »  D  D  are  three 
iron  vo<\s  inserted  into  the  ends  of  the  carriage  C  C  C  C,  and  passing  through 
the  holc4  in  the  studs  E  K  V.,  which  are  screwed  firmly  a|fainst  the  end><^ 
the  bench  A  A  A  A.  for  directing  the  course  of  llie  carriage  C  C  C  C,  f»- 
rallol  to  the  sides  of  the  bench.  F  F  two  upright  pillars,  mortised  firinly 
into  the  bench  A  A  A  A,  nearly  eqiiidislant  from  each  end  of  it,  near  the 
edge,  and  directly  opposite  to  each  other.  G  the  lever  or  arm  which 
carries  the  cutter  II  H,  (fixed  by  tlic  screw  f,)  and  works  on  the  centres  of 
two  screws  K  K,  which  are  fiicd  into  the  two  pillara  F  F,  in  a  dircctios 
rigl't  across  the  bench  A  A  A  A.  lly  lightening  or  loosening  these  screws, 
the  arm  uhich  carries  the  chisel  may  be  made  to  work  more  or  leSs  steadily. 
L  is  the  regulating  screw,  by  means  of  which  the  files  may  be  made  Conner 
or  liniTi  this  screw  works  in  a  stud  M,  which  is  screwed  firmly  upon  the 
top  of  the  stud  F;  the  lower  end  of  the  screw  L  bears  agwnst  the  upptr 
part  of  the  arm  G,  and  limits  tlic  height  to  whicli.it  can  rise.  N  is  a  sleel 
spring,  one  end  of  which  is  screwed  to  the  other  pillar  F,  and  the  other  end 
pressci  against  the  pillar  O,  which  is  fixed  upon  the  arm  G:  by  its  pressure 
it  forces  the  siud  arm  upwards  until  it  meets  with  the  rejfulaling  screw  I-. 
P  is  an  arm  with  a  claw  at  one  end  marked  6,  the  other  end  is  fixed  by  i 
joint  into  the  end  of  the  stud  or  pillar  O,  and  by  the  motion  of  the  uto 
V,  is  made  to  move  the  ratcli-whecl  Q,'  This  ratch-whcci  is  fixed  upon  in 
axis,  which  cairies  a  small  trundle-head  or  pinion  R,  on  the  opposite  end: 
this  takes  into  a  piece  S  S,  which  is  indented  with  teeth,  and  screwed  firmly 
against  one  side' of  the  carriage  C  C  C  C;  by  means  of  this  piece  motion 
is  communicated  to  the  carriage.  F  is  a  clamp  for  fastening  one  end  o( 
the  file  Z  Z  in  the  place  or  oed  «n  which  it  is  to  be  cuL    V  ia  taotba 
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clamp  or  dog  at  the  opposite  end,  which  works  by  a  joint  W»  firmly  fixed  into 
the  carriage  C  C  C  C.  Y  is  a  bridge,  likewise  screwed  into  the  caniage, 
through  which  the  screw  X  passes,  and  presses  with  its  lower  end  against 
the  upper  side  of  the  clamp  V;  under  which  clamp  the  other  end  of  the  file 
Z  Z  is  placed,  and  held  firmly  in  its  situation  while  it  is  cutting  by  the  pres« 
sure  of  the  said  clamp  V.  7777  is  ^  bed  of  lead,  which  is  let  into  a  caviw  rarm« 
ed  in  the  body  of  the  carriiu^,  something  broader  and  longer  than  the  largest 
size  files;  the  upper  face  of  this  bed  of  lead  is  formed  variously,  so  as  to  fit 
the  different  kinds  of  files  which  may  be  required.  At  the  figures  2  2  are  two 
catches,  which  take  into  the  teeth  of  the  ratch- wheel  Q,  to  prevent  a  recoil  of 
its  motion;  3  3  is  a  bridge  to  support  one  end,  4,  of  the  axis  of  the  ratch- 
wheel  Q;  5  a  stud  to  support  the  odier  end  of  the  axis  of  that  wheel. 

When  the  file  or  files  are  laid  in  their  place,  the  machine  must  be  regu* 
luted  to  cut  them  of  the  due  degree  of  fineness,  by  means  of  the  regulating 
screw  L;  which,  by  screwing  further  through  the  arm  BI,  will  make  the  filet 
finer,  and,  vice  versd,  by  unscrewing  it  a  little,  will  make  them  coarser;  for 
the  arm  6  will,  by  that  means,  have  liberty  to  rise  the  higher,  which  will  oc» 
Gasion  the  arm  P,  with  the  claws,  to  move  further  along  uie  periphery  of  the 
ratch-wheel,  and  consequently  communicate  a  more  extensive  motion  to  the 
carriage  C  C  C  C,  and  make  the  files  coarser. 

When  the  machine  is  thus  adjusted,  a  blind  man  may 
cut  a  file  with  more  exactness  than  can  be  done  in  the  usual 
method  by  the  keenest  sight ;  for  by  striking  with  a  hammer 
on  the  head  of  the  cutter  or  chisel  H  H,  all  the  movements 
arc  set  at  work ;  and  by  repeating  the  stroke  with  the  ham- 
mer, the  files  on  one  side  will  at  length  be  cut;  then  they 
must  be  turned,  and  the  operation  repeated  for  cutting  on 
the  other  side.  It  is  needless  to  enlarge  much  on  the  utility 
or  extent  of  this  machine ;  for,  on  an  examination,  it  will 
appear  to  persons  of  but  indifferent  mechanical  skill,  that 
it  may  be  made  to  work  by  water  as  well  as  by  hand,  to  cut 
coarse  or  fine,  large  or  small,  files,  or  any  number  at  a  time ; 
but  it  may  be  more  particularly  useful  for  cutting  very  fine 
small  files  for  watchmakers ;  as  they  may  be  executed  by 
this  machine  with  the  greatest  equality  and  nicety  imagin- 
able. As  to  the  materials  and  dimensions  of  the  several  parts 
of  this  machine,  they  are  left  to  the  judgment  and  skill  of 
the  artist  who  may  have  occasion  to  make  one ;  only  observ* 
ing,  that  the  whole  should  be  capable  of  bearing  a  good  deal 
of  violence. 


RAMSDEN'S  DIVIDING  MACHINE. 

This  valuable  instrument  is  the  invention  of  Mr.  Jesse 
Ramsden,  to  whom  the  Commissioners  of  Longitude  gave 
the  sum  of  615/.  upon  his  entering  into  an  engagement  to 
instruct  a  certain  number  of  personsy  not  exceeding  ten,  ia 
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the  method  of  making  and  using  this  msKhine,  in  the  space 
of  two  years,  say,  from  tlic  28ih  October,  1775,  to  SBth  Ot- 
nbcr  1777;  also  binding  himsrlf  to  divide  all  sectaata 
OctBDiB  by  the  same  engine,  at  the  rate  of  three  shiiliagi  hi 
each  octant,  and  six  shillitigs  for  each  brass  sectant,  viA 
Noniufi'x  divisions  to  half  minutes,  for  as  long  time  as  iht 
Corotni4!iioncr»>  should  thick  proper  to  let  the  engine  renuis 
in  his  possession.  Of  this  sum  300/.  were  given  to  Mr.  Ranu- 
den  as  a  reward  for  the  usefulness  of  his  invention;  and3U/. 
for  hi»  giving  up  the  property  of  !t  to  the  Commissiooers- 

The  following  is  the  description  of  the  cngiae  given  by  Mr>' 
Ranivden,  upon  oath: 

This  engine  consists  of  a  large  wheel  of  bell-metal,  ittlh 
ported  on  a  mahogany  stand,  having  three  legs,  which  att 
atron^ly  cuoDccted  together  by  braces,  so  as  to  make  it  Mf* 
fectlv  steady.  On  each  leg  of  the  stand  is  placed  a  cooicd 
(riction-piilley,  whereon  ihc  dividing  wheel  rests;  to  prci^ll 
|he  wheel  from  sliding  off  the  friction-pullies,  the  bell-meDf 
centre  under  it  turns  tn  a  socket  on  the  top  of  the  stand. 

The  cireumfcrtnce  of  the  wheel  is  raiched  or  cut,  (byi 
methoti  which  will  be  described  hereafter,)  into  2160  tceth,« 
which  an  cT>dIesi  screw  acts.  Six  revolutions  of  the  screw  WiO 
ao>-e  the  wheel  a  «pace  eo^ual  to  one  degree. 

Now  «  circle  of  brass  being  fixed  on  the  3crcw-aH>or,Iuivi«; 
tta  cireum^rence  divided  into  sixty  parts,  each  division  wi£ 
tiMMcqucnily,  »n»wer  to  a  motion  of  the  wheel  of  ten  seconds, 
)i\  u(  thrm  wilt  be  equal  to  a  minute,  Sec. 

Several  different  arbors  of  tempered  steel  are  truly  gTomd 

^A    into  the  iiiclict  in  the  ciutre  of  the  whcci.     Tile   upper  parts 

of  the  arU'rv.  that  st,ind  upon  the  plane,  are  turned  of  varioiM 

Mces,  to  suit  the  centres  of  different  pieces  of  work  to  be 

(livkled. 

AXlieB  any  instrument  is  to  t>e  divided,  the  centre  of  it  is 
nr^  cxacdr  fitted  on  one  of  these  arbor?;  and  the  instnuneiil 
ia  tixctt  down  to  the  plane  of  the  diriding-wherl,  by  means  of 
Ktrti-v  «  hich  fit  into  holes  made  in  the  radii  of  the  wheel  tot 
that  r<urp<v»e. 

1'V'  instrtimeni  beioq  thus  fitted  on  the  plane  of  the  wheel, 
iW  fritnc  whtch  carries  the  dividiag-point  is  connected  « 
Mie  eiKi  ^v  lM$er<-MTew«.  with  the  frame  which  carries  tiK 
tWV»-A,'if  w  ,  whiK-  ihf  other  tad  embraces  that  part  of  At 
urel  »rtv«  •hu'h  stands  a^-'ie  the  instmmcat  to  be  divided, 
K«  aa  aKjr^dar  KK'«.'h  tn  a  j-jece  ot  hardened  steel ;  in'  tht) 
wteaKs  V.*<h  e«d)  ^-i  the  s-ame  a^r  kect  perfectly  steady  at>d 
ire*  bvaiiw  sh^e 
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The  frame  carrying  the  dividing-point  or  tracer,  is  made 
to  slide  on  the  frame  which  carries  the  endless-screw  to  anjr 
distance  from  the  centre  of  the  wheel,  as  the  radius  of  the 
instrument  to  be  divided  may  require,  and  may  be  there 
fastened  by  tightening  two  clumps ;  and  the  dividing-point 
or  tracef,  being  connected  with  the  clumps  by  the  double- 
jointed  frame,  adnxits  a  free  and  easy  motion  towards  or 
from  the  centre  for  cutting  the  divisions,  without  any  lateral 
shake. 

From  what  has  been  said,  it  appears  that  an  instrument 
thus  fitted  on  the  dividing-wheel,  may  be  moved  to  any  angle 
by  the  screw  and  divided  circle  on  its  arbor ;  and  that  this 
angle  may  be  marked  on  the  limb  of  the  instrument  with  the 
greatest  exactness  by  the  dividing-point  or  tracer,  which  can 
only  move  in  a  direct  line  tending  to  the  centre,  and  is  alto*- 
gether  freed  from  those  inconveniences  that  attend  cutting 
by  means  of  a  straight  edge.  This  method  of  drawing  lines 
will  also  prevent  any  error  that  might  arise  from  an  expan- 
sion or  contraction  of  the  metal  during  the  time  of  dividing. 

The  screw-frame  is  fixed  on  the  top  of  a  conical  pillar, 
which  turns  freely  round  its  axis,  and  also  moves  freely 
towards  or  from  the  centre  of  the  wheel,  so  that  the  screw- 
frame  may  be  entirely  guided  by  the  frame  which  connects  it 
with  the  centre :  by  this  means  any  eccentricity  of  the  wheel 
and  the  arbor  would  not  produce  any  error  in  the  dividing; 
and  by  a  particular  contrivance,  (which  will  be  described 
hereafter,)  the  screw  when  pressed  against  the  teeth  of  the 
wheel  always  moves  parallel  to  itself;  so  that  a  line  joining 
the  centre  of  the  arbor  and  the  tracer  continued  will  always 
make  equal  angles  with  the  screw.  • 

Figp.  316  represents  a  perspective  view  of  the  engine. 

Fig.  317  is  a  plan  of  which  fig.  318  rcpresenU  a  section  on  the  line  N^. 

The  large  wheel  A  is  45  inches  in  diameter,  and  has  10  radii,  each  being 
supported  by  edge-bars,  as  represented  in  fig.  318.  These  bars  and  radii  are 
connected  by  a  circular  ring  B,  24  inches  in  diameter  and  3  inches  deep;  and« 
for  greater  strength,  the  whole  is  cast  in  one  piece  in  bell-metal. 

J^  tlie  whole  weight  of  the  wheel  A  rests  on  its  ring  B,  the  edge-bars  are 
deepest  where  they  join  it;  and  from  thence  their  depth  diminishes,  both  to- 
wards the  centre  ana  circumference,  as  represented  in  fig.  318. 

The  surface  of  the  wheel  A  was  worked  very  even  and  flat,  and  its  cir- 
cumference turned  true.  The  ring  C,  of  fine  brass,  was  fitted  very  exactly 
on  ^e  circumference  of  the  wheel;  and  was  fastened  thereon  with  screws, 
wh^i,  after  being  screwed  as  tight  as  possible,  were  well  ri vetted.  The 
£usPbf  a  large  chuck  being  turned  veiy  true  and  flat  in  the  lathe,  the  flat- 
tened surface  A,  fig.  318,  of  the  wheel,  was  fastened  against  it  with  hold- 
fasts; and  the  two  ^v&ces  and  circumference  of  the  ring  C,  a  hole  through 
the  centre  and  the  plane  part  round  bg  and  the  lower  edge  of  the  ring  D, 
were  turned  at  the  aame  time.  ' 
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9  a  piece  of  hiinl  bell-metal,  hivinj^  i  hole,  vliich  receiwi  Ihe  tteti 

adc  very  straiglil  und  true.    This  bell-metiil  wu  tumed  veiy  true 

n  and  the  fucci  which  rests  on  a  wheel  >l  b,  wis  turned  very  flu, 

9ti  e)  arbor  d  might  atalid  perprndiculu'  to  the  plane  of  tlie  vhcdi 

.  ..iciK   irai  fiitcned  to  the  wIifcI  by  lix  tleel  screiv's. 

IBS  ■HJi.kut  Z  19  fastened  on  the  centre  of  the  mkboguny  st&nd,  ud 

t  the  lower  pan  a{  tlic  bcU-melal  piece  D,  being  made  to  touch  the 

loU]  in  a  nirrow  part  near  the  mouth,  to  prevent  «ny  abliquit;  of  the 

.  from  bending  the  arbor;  ^ood  fitting  is  by  no  means  necesHiy  h«n; 

^Duc  aDf  shake  in  this  aocket  will  produce  no  bad  cH<;ct,  as  trill  appeir 

bereafter  when  we  describe  the  cutting-frame. 

The  wheel  wu  then  put  on  its  sUtni^  the  lower  edge  of  the  ring  B,  6^ 
316,317.  and  31B,  resting  on  the  circumference  of  three  conie^  fnetj™ 
pulley*  W,  tofttdiitate  it«  motion  round  its  centiw.  The  axis  of  oneof  Ifine 
pull«r»  is  in  a  line  joining  the  centre  of  the  wheel  and  the  middle  of  tb< 
endle»4crew,  and  the  other  two  placed  so  ai  to  be  at  ecpul  distance*  ' 
each  other. 

Fig.  315  is  s  block  of  wood  strongly  fastened  to  one  of  the  legs  of  tlie 
Handt  the  piece  7  is  screwed  to  the  upper  side  of  the  block,  a.nd  has  hitf- 
holes,  in  wbicb  the  tTBOivetse  ajja  h,  fig.  319,  tunui  the  fa^f>hales  are  kqrt 
together  by  tlie  screws  1. 

The  lower  extremity  of  the  conical  pillar  P,  figs.  316  and  319,  lerminila 
in  a  cylindrical  steel  pin  k,  fig.  319,  which  passes  through  and  turns  in  Ac 
tnnsi'cnc  axis  h,  and  is  conhned  by  a  check  and  tcrev. 

To  the  upper  end  of  the  conical  pillar  is  fastened  the  frame  G,  fig.  319,  in 
which  IJie  endlesi-screw  tumsj  the  pivots  of  the  screw  arc  formed  in  tte 
r  of  two  frustrums  of  conca  joined  by  a  cylinder,  as  represented  a'  5. 


fig.  320.  These  pivots  arc  confined  between  half-holes,  which  preu  oidf 
on  the  conical  paAs,  nnd  do  not  touch  Ihe  cylindric  parts;  the  tialf-holo  ira 
kept  together  by  screwi  a,  which  may  he  tightened  at  any  time,  to  prcreBt 
the  screw  from  shaking  in  the  frame. 

On  the  acrcw-arbor  is  a  small  wheel  of  brass  K,  figs.  jlG,  317,  .!l9.  nnd 
520,  hsTing  it.1  outside  edge  divided  into  60  parts,  and  numbered  at  every 
■ixth  division  with  I,  3,  ttc.  to  10.     The  motion  of  this  wheel  is  sbawa  tf    ' 
the  index  y,  figH.319  and  320,  on  the  screw-fr.ime  G. 

II,  lig.  316,  represents  a  part  of  the  stand,  hiving  a  parallel  slit  in  Ae  1 
direction  towards  thi'  centre  of  the  wheel.  Urge  enough  to  receive  the  upper 
part  of  tlie  conical  bra.ss  pillar  P,  which  carries  the  screw  and  its  frame;  airf 
•s  the  resistance,  when  the  wheel  is  moved  by  the  endlcss-scrcw,  ia  igiinst 
the  side  of  the  slit  H  which  is  towards  the  let^  hand,  that  side  of  the  slit  il 
faced  with  brass,  and  the  pillar  is  pressed  against  jt  by  a  steel  spring  on  tbe 
opposite  side;  by  this  means  the  ptUar  is  strongly  supported  laterally,  and  yet 
the  screws  may  be  easily  pressed  from  or  against  the  circumference  of  the 
wheel,  and  the  pilUv  will  turn  freely  on  its  axis  to  take  any  direction  givm 
it  by  the  frame  L. 

At  each  comer  of  the  piece  1,  fig.  319,  are  screws  n,  of  tempered  steel 
having  polished  conical  points;  two  of  them  turn  in  conical  holes  in  tbe 
screw-frame  near  o,  and  the  points  of  the  other  two  screws  turn  in  tht 
holes  in  Ihe  piece  Q:  the  screws  p  are  of  steel,  which  being  tightened, 
prevent  the   conical   pointed   screws   from   untuniing  when   the   tntiK  n    ,■ 

L,  figs.  316,  317,  and  32t,  is  a  brass  frame,  which  sen*es  to  coimet^te 
endless-sercw,  its  frame.  Sic.  with  the  centre  of  the  wheel;  each  arm  oWi"  '  ' 
frame  is  terminated  by  a  steel  screw,  that  may  be  paved  through  anyln 
the  holes  g,  in  the  piece  Q,  fig.  319,  as  the  thickness»of  the  work  to  bt 
divided  on  the  wheel  may  require,  and  are  fastened  by  the  finger-notK', 
figs.  316  and  317. 
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At  the  end  of  this  frame  is  a  flat  piece  of  tempered  steel  6,  fl^.  321,  where- 
in is  an  ang^ular  notch;  when  tlie  endless-screw  is  pressed  against  the  teeth 
of  the  circumference  of  the  wheel,  which  may  be  done  by  turning*  the  finger- 
screw  S,  figs.  316  and  317»  to  press  against  tho  spring  f,  this  notch  embraces 
and  presses  against  the  steel  axhor  d.  This  end  of  the  frame  may  be  raised 
or  depressed  by  moving  the  prismatic  slide  a,  fig.  317,  which  may  be  fixed  at 
any  height  by  the  four  steel  screws  «,  figs.  316,  317,  and  321. 

The  bottom  of  this  slide  has  a  notch  K,  figs.  316  and  321,  whose  plane  is 
parallel  to  the  endless-screw,  and  by  the  point  of  the  arbor  d,  fig.  318,  resting 
in  tliis  notch,  this  end  of  the  frame  is  prevented  from  tilting  The  screw 
8,  figs.  316  and  317,  is  prevented  from  untuming,  by  tightening  the  finger- 
nut  tt*. 

The  teeth  on  the  circumference  of  the  wheel  were  cut  by 
the  following  method : 

Having  considered  what  number  of  teeth  on  the  circum- 
ference would  be  most  convenient,  which  in  this  engine  is 
2160,  or  360  multiplied  by  6, 1  made  two  screws  of  the  same 
dimension  of  tempered  steel,  in  the  manner  herefter  de- 
scribed, the  interval  between  the  threads  being  such  as  I 
knew  by  calculation  would  come  within  the  limits  of  what 
might  be  turned  of  the  circumference  of  the  wheel :  one  of 
these  screws,  which  was  intended  for  ratching  or  cutting  the 
teeth,  was  notched  across  the  threads,  so  that  the  screw, 
when  pressed  against  the  edge  of  the  wheel  and  turned 
round,  cut  in  the  manner  of  a  saw.  Then  having  a  segment 
of  a  circle  a  little  greater  than  60  degrees,  of  about  the  same 
radius  with  the  wheel,  and  the  circumference  made  true, 
from  a  very  fine  centre,  I  described  an  arch  near  the  edge, 
and  set  off  the  chord  of  60  degrees  on  this  arch.  This  seg- 
ment was  put  in  the  place  of  the  wheel,  the  edge  of  it  was 
ratched,  and  the  number  of  revolutions  and  parts  of  the 
screw  contained  between  the  interval  of  the  60  degrees  were 
counted.  The  radius  was  corrected  in  the  proportion  of 
360  revolutions,  which  ought  to  have  been  in  60  degrees,  to 
the  number  actually  found;  and  the  radius,  so  corrected,  was 
taken  in  a  pair  of  beam-compasses;  while  the  wheel  was  on 
the  lathe,  one  foot  of  the  compasses  was  put  in  the  centre, 
and  with  the  other  a  circle  was  described  on  the  ring ;  then 
half  the  depth  of  the  threads  of  the  screw  being  taken  in 
dividers,  was  set  from  this  circle  outwards,  and  another 
circle  was  described  cutting  this  point ;  a  hollow  was  then 
turned  on  the  edge  of  the  wheel,  of  the  same  curvature  as 
that  of  the  screw  at  the  bottom  of  the  threads,  the  bottom 
of  this  hollow  was  turned  to  the  same  radius  or  distance  from 
the  centre  of  the  wheel,  as  the  outward  of  the  two  circles  be- 
fore-men  ti  oned . 

The  wheel  was  now  taken  off  the  lathe,  and  the  bell*metal 


■  * 
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^ece  D,  fig.  S18,  was  Mrcwed  on  u  .before  directed,  m\iA,  I 
after  thia  ought  not'  to  be  temored. 


ftt  creiT  3310  Mil 
oTdWiMoii^iill 


tMtt  vonld  cone.    Thia  einOfl  «aa  divided  wilb  tha  grerte*!  rTWliw I 
WM  ei^le  of,  fint  into  five  ptft^  and  exch  of  thcae  into  duce.    IMtJ 
ptiti  were  then  biiected  four  tinei,  (th»t  b  to  n7,).«ippa«iDV  the  aWe^ 
cbcumfeMncc  of  the  wheel  to  eontkin  3160  teeth,  Uiii  betac  divided  Mi   '. 
five  puta,  cich  would  contain  432  teeth;  which  being  dividad  inibllNi    I 
put*,  ckch  of  them  woaid  cont*in  144;  and  thi*  ipace  biaectcd  finr  tMn   < 
would  pre  72,  36,  18,  &nd  9t  tlierefore  each  of  the  last  divuioiM  wmU 
contwn  nine  teeth.     Bu^  a*  1  wu  apprehenaiTC  (ome   emr  inigbtwi* 
Avid  quinqucaection  andtiiMCtian,in  onler  to  cnnunc  the  accnracjofdi 
^viaoBi^  I  deacribed  another  circle  on  the  ting  C,  (fir.  333;)  oiie-t^<^<t   . 
an  inch  within  the  fanner,  and  divided  it  bv  .continnal  MaectioB^  aa  nnj| 
1080,  i40.  370,  13J,  erj,  and33ji  and  lalhefiwd  win,  (to  b«  dMoMfl 

preaentlj,}  eroaaed  both  the  circle*,  I  couU  « '"  "   -'"-*  -  -^ 

cvcrv  135  revolutionai  (after  latching,  could  esi 
not  finding  any  ■eniible  difference  between  the 

latching,  made  choice  of  dieftnner;  and,  aa  the 

vidt an intcraection  could  be  more  exactly  deterodaad  tbaa  With ■  date 
diviiioD,  I  therefore  made  uie  of  intcraectioni  in  both  circle*  before  deacA'J' 
The  ann*  of  the  &imr  L.  fig-  333,  were  connected  by  a  tbin  piece  of  Hq^ 
«f  thredbnlth*  of  an  inch  broad,  having  a  hole  in  the  middlo  of  ftaiMtiill 
af  an  ineh  in  diameteri  acroai  thii  hole  a  alvcr  wire  was  fixed  cxactfy  k  ■  ' 
Bnc  to  the  centre  of  the  u-heeh  the  coincidence  of  thia  wire  with  thefch»  ■ 
•ertioni  waa  examined  by  a  leni  (even-tenth*  of  an  inch  focu%  fixcdiaatidi*  j 
which  w«i  attached  to  one  of  the  arm*  L.'  Now  a  handle  or  wiNcfc  ^^ 
Axed  on  the  endof  tlie  acrew,  the  divinon  marked  10,  on  the  citde^ 
aet  to  its  imivi,  intl,  by  means  of  a  clamp  and  adjustLnff-icrew  for 
post,  till-  iiili:isi-ctii)n  inarkid  1  on  tin;  circle  C  was  sfl  exactly  ti 
Willi  the  fiii-d  wire;  the  scri'W  was  thtn  curcfilllv  prcsaei!  agjiiiist  the 
fercoce  of  the  wheel,  by  tuniinp  the  finger-screw  S,  then  tlt 
cininp,  I  tunivd  the  scrtw  by  it*  bamlh'  nine  rcvohitions,  till  the  ii 
marked  240  came  nearly  to  the  wiri'i  then,  uiilurnlng  the  fingcr-i 
relesiwd  the  screw  from  the  wheel,  and  turiie<l  the  wheel  bacic  till  the  ilk' 
tencction  niurkcd  2  rxactly  coincided  with  the  wirci  and,  by  means  of  the 
clamp  beforc-nKntloned,  the  division  10  on  the  circle  being  set  to  its  indci, 
the  screw  wns  pressed  against  the  eilpfe  ut'the  wheel  by  the  finger-sens  S. 
the  clamp  wire  removed,  and  the  screw  tiinicd  nine  revolutions  till  the  in- 
tersection marked  1  nearly  coincided  with  the  fixed  wire;  the  screw  wis  k- 
leased  from  the  wheel  by  iintnniiiig  the  (iiif^cr-screw  S  as  before;  tb< 
wheel  was  turned  back  till  the  interscetioii  3  eoiilclded  with  the  fi-ved  wirr; 
the  dirision  10  on  the  circle  being  sot  to  it*  index,  the  screw  was  prt-wed 
agiunst  the  wheel  »s  hefoi'e,  anil  Ihc  screw  was  turned  nine  rcvulutioni, 
tiH  the  intersection  2  nearly  eoiucideil  with  the  fixed  wire,  and  tlie  sere* 
WM  relesscil;  and  1  procrrileil  in  tliia  manner  till  the  teeth  wcrv  nulled  ■ 
round  the  whole  circumference  of  the  wheel.  Thia  was  repeated  tlm""^ 
time*  Kiund,  to  make  the  impresaion  of  the  scri^w  deeper.  I  then  r  " 
the  wliei!  round  continually  in  the  wune  direction  without,  ever  dii 
the  screw;  aiid,  in  ntchiiig  the  wheel  about  300  times  lawal,  the  ti 
finished-  r 

*  Hm  ioMvanian*  are  marked  for  ibo  natc  of  illuitntioa,  tboi^  ft 
""'    '"  fjjing  under  the  bi'sa  plate. 
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It  is  evident  if  the  circumference  of  the  wheel  were  even 
one  tooth  or  ten  minutes  greater  than  the  screw  would  re* 
quire,  this  error  would  in  the  first  instance  be  reduced  to 
77ir  P^r^  ^^  ^  revolution,  or  two  seconds  and  a  half;  and  these 
errors  or  inequalities  of  the  teeth  be  equally  distributed 
round  the  wheel  at  the  distance  of  nine  teeth  from  each 
other.  Now,  as  the  screw  in  ratching  had  continually  hold 
of  several  teeth  at  the  same  time,  and  these  constantly 
changing,  the  above-mentioned  inequalities  soon  corrected 
themselves,  and  the  teeth  were  reduced  to  a  perfect  equality. 
The  piece  of  brass  which  carries  the  wire  was  now  taken  away, 
and  the  cutting-screw  was  also  removed,  and  a  plain  one, 
(hereafter  described,)  put  in  its  place ;  on  one  end  of  the  screw 
is  a  small  brass  circle,  having  its  edge  divided  into  sixty 
equal  parts,  and  numbered  at  every  sixth  division,  as  before 
mentioned . 

On  the  otlicp  end  of  the  screw  is  a  ratchet-wheel  c,  having  sixty  teeth,  co- 
vered by  the  hollowed  circle  d,  fig*.  320,  which  carries  two  clicks  that  catch 
upon  the  opposite  sides  of  the  ratchet  when  the  screw  is  to  be  moved  forwards. 
The  cylinder  S  turns  on  a  strong  steel  arbor  F,  which  passes  through  and  is 
firmly  screwed  to  tlie  piece  V;  this  piece,  for  greater  firmness,  is  attached  to 
the  screw-frame  G,  fig.  319,  by  the  braces  v;  a  spiral  groove  or  tliread  is  cut 
on  the  outside  of  the  cylinder  S,  which  serves  both  for  holding  tlie  string,  and 
also  giving  motion  to  the  lever  J  on  its  centre,  by  means  of  a  steel  tooth  ii, 
that  works  between  the  threads  of  the  spiral.  To  tlie  lever  is  attached  a 
strong  steel  pin  ;/i,  on  which  a  brass  socket,  r,  turns;  this  socket  passes  through 
a  slit  m  the  piece  />,  and  may  be  tiglitened  in  any  part  of  the  slit  by  the  finger- 
nut  //  this  piece  senes  to  regulate  the  number  of  revolutions  of  tlie  screw 
for  each  tread  of  the  treadle  R. 

T,  fig-  316,  is  a  brass  box  containing  a  spiral  spring;  a  strong  gut  is  fastened 
tnd  turned  three  or  four  times  round  tlie  circumference  of  this  box;  the  g^t  . 
then  passes  several  times  round  the  cylinder  S,  and  from  thence  down  to  the 
treadle  H,  fig.  316.  Now,  when  the  treadle  is  pressed  down,  the  string  pull» 
the  cylinder  S  round  its  axis,  and  the  clicks  catching  hold  of  the  teeth  on  thfi 
ratchet  carry  the  screw  round  with  it,  till,  by  the  tooth  n  working  in  the 
spiral  groove,  the  lever  J,  fig.  319,  is  brought  near  the  wheeler,  and  the  cylin« 
der  stopped  by  the  screw-head,  a,  striking  on  tlie  top  of  the  lever  J;  at  the 
same  time  the  spring  is  wound  up  by  tlie  other  end  of  the  girt  passing 
round  the  box  T,  fig.  316.  Now,  when  the  foot  is  taken  off  the  treadle,  the 
spring,  unbending  itself,  pulls  back  the  cylinder,  the  clicks  leaving  the  ratchet 
and  screw  at  rest  till  the  piece  /  strikes  on  the  end  of  the  piece  p,  fig.  316.- 
the  number  of  revolutions  of  the  screw  at  each  tread  is  limited  by  the  numbei- 
of  revolutions  Uie  cylinder  is  allowed  to  turn  back  before  the  stop  strikes  on 
the  piece  D. 

When  the  endless-screw  was  moved  round  its  axis  with  a  considerable  ve- 
locity, it  would  continue  that  motion  a  little  after  the  cylinder,  figs.  316  and 
319  was  stopped  ;  to  prevent  this  the  angular  lever  «  was  made,  that  when 
the  lever  J  comes  near  to  stop  the  screw  x,  it,  by  a  small  chamfer,  pres80-> 
down  the  piece  »  of  the  angular  lever;  this  brings  the  other  end,  j»,  of  the  same 
lever  forwards,  and  stops  the  endless-screw  by  the  steel  pin,  fr,  striking  upon 
the  top  of  it:  the  foot  of  the  lever  is  raised  again  by  a  small  •iT)ring  pressinj; 
on  the  brace  r. 


piece  f   ii    niadi 

acrewj  _^,  -'-■-'-  ■ 
uuUN. 

The  piece  m,  fif.  331,  ismultlo  turn  onthe  picc«  ;,  by  the  umlcal  poiMal 
Rurews.  »,  resting  in  the  hollow  centres  e. 

At  there  is<Tcquetit(iccuiinitocut£v>ri(insoninrliiicdphn«K,  for  tlwt|iur- 
pDtc  the  piece,  y,  in  which  the  Incer  n  fixed,  has  ■  cnnic*!  axi«>l  eacbc*!. 
which  iiirn  in  half-liolei;  vhcn  the  tracer  u  net  ta  anv  incUiwtioti,  it  m;  k 
fixei  there  by  tightening  the  sleel  screws  g. 

DaO'iplion  of  the  engine  fry  wliieh  IHe  endlett-Mrew  ifl/u  diriding  a^fiir 

Fift-  334  rcpre«ent«  this  en|[ine  of  iu  full  dimcniiDns,  seen  &nm  oneaik. 

Fiy,  32J,  ihe  upper  side  uf  (he  sune,  as  wetv  from  »linve. 

A,  rcpreseiiU  ■  triomg^lir  but  of  steel,  to  which  the  triuipilar  Iialc*  in  the 
piece!  B  antl  C  are  accunlcly  filted,  and  may  he  fixed  on  my  \iax\  at  the  h*i 
by  the  screws  D. 

E  is  a  piece  of  iteel  whereon  the  Krew  is  intended  to  lio  cult  which,  dW 
being  hardened  and  tempered,  has  its  pivots  lumed  in  the  form  of  two  fiin- 
tnuns  of  tones,  as  represented  in  the  drawings  of  the  dividing-engine,  figJSO. 
These  pimti  were  eiaetly  fitted  to  the  half-bolei  F  and  T,  wbicli  were  lept 
together  by  the  tcrewi  2. 

U  represcnti  a  screw  of  untempered  steel,  having  a  pivot  I,  whijchtums  in 

:he  hole  ki  at  the  other  end  of  the  screw  is  a  hoUow  ccnlrc,  whicti  receivct 

ftite  hardened  conical  point  oflheatccl  pin  m.     Whenjihuptnnt  issufficiettly 

rent  its  T^T^ifljp  thaji|U  pia  amy  be  fixed 

the  screw  Hi  which,  to  prevent  anv  shakes, 

.  O.  Tliis  nut  is  coiini'Cted  wilh  lh<-  sirkUi- 
icdiale  universal  joint  W,  throug-h  whicli  Ilie 
A  front  view  of  this  piece,  hItIi  1  seclim 
ited  at  X.  This  joint  is  connected  »-ith 
it  by  means  of  two  steel  slips  S,  wliich  turn  on  pins  between  the  cheeks 
n  the  nut  N.  The  other  ond^  of  these  slips,  S,  turn  in  like  nianner  un 
0,-  one  axis  of  this  joint  turns  in  a  hole  in  the  cock  b,  which  is  fixed  10 
the  laddle-piecet  and  the  otiier  turns  in  a  hole  d,  made  for  that  purpose  in 
the  same  piece  on  which  tlie  cocic  b  is  fixed.  By  this  means,  wlien  the  screv 
is  turned  round,  the  saddle-piece  will  slide  uniformly  along  the  tiian^lar 

G  is  a  small  triangular  bar  of  well -tempered  gleel,  which  slides  in  a  groove 
of  the  same  form  on  the  saddlc-piccc  l>.  The  point  of  this  bar  ur  cutler  is 
formed  to  the  shape  of  the  thread  intended  to  he  cut  on  the  endless-screw. 
AVhcn  tlic  cutter  is  set  lo  take  proper  hold  of  tlie  intended  screw,  it  may  be 
■  fixed  by  tightening  the  screws  c,  which  press  the  two  pieces  of  brass  upon  il. 

Having  measured  the  circumference  of  the  dividing-wheel,  I  found  it  would 
require  a  screw  about  one  tltread  in  a.  hundred  coarser  than  the  guidc-scrcw 
arbor  H,  and  that  on  the  stuh  E,  on  wliieh  the  screw  was  to  be  cut,  were 
proportioned  to  each  other  to  produce  that  efTcct,  by  giving  the  wheel  L  19S 
tteth,  and  tlic  wheel  Q  300.  These  wheels  communicated  with  each  other 
by  means  of  the  intermediate  wheel  R,  which  also  seri'cd  to  give  the  thieads 
on  the  two  screws  the  same  direction. 

The  saddle'piece  P  is  confined  on  the  bar  A  by  meatu  of  the  pieces  g, 
find  may  be  made  to  slide  with  a  proper  degree  of  tightness  bj  the  tCKWi  I* 


i. 
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LATHES  AND  TURNING  APPARATUS. 

The  lathe  is  a  very  useful  engine  for  turning  wood,  ivory^ 
metals,  and  other  materials. 

The  common  lathe  is  composed  of  two  wooden  cheeks  or 
sides,  parallel  to  the  horizon,  having  a  groove  or  opening  be- 
tween; perpendicular  to  these  are  two  other  pieces,  called 
puppets^  made  to  slide  between  the  cheeks,  and  to  be  fixed 
down  at  any  point  at  pleasure.  These  have  two  points,  be- 
tween which  the  piece  to  be  turned  is  sustained ;  tne  piece  is 
turned  round  backwards  and  forwards  by  means  of  a  string 
put  round  it  and  fastened  above  to  the  end  of  a  pliable  pole, 
and  underneath  to  a  treadle  or  board  moved  with  the  Ifoot. 
There  is  also  a  rest  which  bears  up  the  tool,  and  keeps  it 
steady. 

We  shall  now  proceed  to  give  Mr.  J.  Farcy's  description  of 
the  improved  lathes  manufactured  by  Mr.  Henry  Maudslay^ 
of  Margaret-street,  Cavendish-square. 

A,  fi^.  325,  is  the  great  \vhec],  with  four  grooves  on  the  rim;  it  is  worked 
by  a  crank  B»  and  treadle  C,  in  the  common  way;  the  catgut  which  goes 
round  this  wheel  passes  also  round  a  smaller  wheel  D,  called  the  mandrel, 
which  has  four  grooves  on  its  circumference,  of  different  diameters,  for  giving 
it  different  velocities,  corresponding  with  the  four  grooves  on  the  gp:eat 
wheel  A.  In  order  to  make  the  same  hand  suit,  when  applied  to  all  the  dif- 
jorcnt  grooves  on  the  mandrel  D,  the  wheel  A  can  be  elevated  or  depressed 
by  a  screw,  a,  and  another  at  the  other  end  of  tlie  axle;  and  the  connecting 
rod,  C,  can  be  lengthened  or  shortened  by  screwing  the  hooks  at  each  end. 
of  it  further  out  of,  or  into  it.  The  end  M,  fig.  326,  of  the  spindle  of  the 
mandrel  D,  is  pointed,  and  works  in  a  hole  in  the  end  of  a  screw,  put 
rlirou^h  the  standard  E,  iig.  325;  the  other  end  of  the  bearing  F,  fig.  326, 
js  conical,  and  works  in  a  conical  socket  in  the  standard  F,  fig.  325,  so  that, 
by  tightening  up  the  screw  in  K,  the  conical  end,  F,  may  at  any  time  be 
niadc  to  fit  its  socket;  the  puppet  G  has  a  cylindrlc  hole  through  its  top  to 
receive  the  polished  pointed  rodi/,  which  is  moved  by  tlic  screw  «,  and  fixed 
by  the  screw/;  the  whole  puppet  is  fixed  on  the  triangular  prismatic  bar  H, 
by  a  clamp,  fig.  332,  the  two  ends  of  which,  a,  6,  are  put  through  holes,  6, 
in  the  bottom  of  the  puppet  under  the  bar,  and  the  whole  is  fixed  by  the 
screw  r  pressing  against  it;  by  this  means  the  puppet  can  be  taken  off  the 
bar  without  first  taking  off  the  standard  J,  as  in  tlic  common  lathes;  and  the 
triangular  bar  is  found  to  be  far  preferable  to  tlic  double  rectangular  one  in 
«*oinmon  use.  The  rest  j  is  a  similar  contrivance;  it  is  in  three  pieces;  see 
ligs.  327,  328,  and  329.  Fig.  328  is  a  piece,  the  opening,  cr,  /»,  r,  in  which, 
\h  laid  upon  the  bar  H,  fig.  325;  the  four  legs,  ddad,  of  fig.  329,  are  then 
y)ut  up  under  the  bar,  (into  the  recesses  in  fig.  328,  which  are  made  to  rc- 
(:eivc  Uiem,)  so  that  the  notches  in  dddd  may  be  level  with  the  top  of  fig. 
.128;  the  two  beads,  cf,  in  fig.  327,  arc  then  slid  into  the  notches  in  the  to]i 
of  dddd,  fig.  32tt,  to  Keep  the  whole  together;  the  groove  t  is  to  receive  a 
rorreflponding  piece  on  rf,  fig.  3*7,  to  slcadv  it ;  the  whole  of  fig.  327  has  » 
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racuUic  cotw,  to  keep  the  chips  oul  of  the  grooves.    It  is  pluci  tilt,  b> 
lijhKninp  tile  tcfew  4,  in  the  bottonicirfip.  329,  the  whole  will  befUedurf 
pfcvcnMd  fnm  duling  bIod^  tlic  l>ar  tl,  and  fig.  327  li-om  iMding  in  >  ilirar.. 
lion  pei|)cndicular  to  the  bw;  the  picec  (  fig.  Ml',  on  which  the  tool  U  iu4 
(Ul  be  rused  or  li^vcreil  a1  jilcasurc,  and  fixed  by  >  screw,  m.   On  the  ewl,  S  > 
of  the  spindle  P,  6gs.  32S  >iid  320.  w  screwed  oecKUonaltj-  in  uiuverahcbuct   _ 
for  hoUinp  Mj  kind  of  work  which  ri  to  he  turned.  (See  fig.  330.)     Aiitfcft  | 
female  tcicw  to  receive  the  icreti-  n,  lig.  335:  tivtt  the  hotlom  of  the  aatwir^- 
is  mother  screw,  DB,  which  is  prevcntcdftom  moving' end w»\s  bj-acoBif  in 
the  middle  of  it  filed  to  the  »crcw  A;  one  end  of  the  screw  B  B  u  cut  rijbt 
hsodcd.uid  the  other  IcTl-handcd;  lo  tint  by  turning  the  screw  one  way,  tlie 
two  nuts.  EF,  will  recede  from  each  other,  oaliy  turning  it  the  contr»iyw»j, 
they  will  ulvancG  towjnli  e»ch  oihen  Ihe  two  nuti,  K  F.  p»»s  Uutnig*  m 
opening  in  the  pble  C,  and  project  lic-yond  the  time,  cirrying  Jsws,  M: 
thow  of  ■  tier,  by  which  the  subject  to  be  turned  is  to  be  held. 

For  tuminif  tu:es  of  wheels,  hollow  work,  &.C.  where  (^rcat  acconcy  a 
vtntcd,  Hr.  Uuidslay  bus  contrived  a  cuiidiu  app]tntus,  which  he  calli  i 
«tide-lNol,  reprtseiited  by  Eg-.  3,51,  where  E  B  E  is  tbt  opening  to  receiif 
the  bar  H,  Hfr-  335,  and  it  is  fixod  by  tile  damp,  fij,  53^.  as  before  At 
srribcdi  the  tool  for  cutting-,  dc,  in  fi:tud  into  the  two  holders  bb,  by  tiici: 
screwsj  these  holders  are  fastened  to  n  sliding'  plate  a,  which  can  be  moved 
backwards  and  forwards  by  the  screw  e,  causui);  the  tool  to  advance  ot  n- 
Gcdci  kg.  333  reprweiits  the  under  ade,  (turning  upward*,)  of  the  part  A  A. 
in  which  the  scTCV  c  is  seen  fixed  at  each  end,  uid  the  nut  d,  which  ii  *fr 
taohcd  lu  the  under  side  of  the  plate  a,  working  upon  it.  When  it  is  neoeta 
Sily,  as  in  the  turning  of  the  inside  of  cones,  SwC.  that  the  tool  should  net* 
be  parallel  tu  ttie  spindle  P,  the  screw  r,  and  another  similar  one  behind, 
miut  be  loosened,  the  tool  set  at  the  proper  angle,  and  then  be  scieucil 
tight  again-  Id  order  to  make  the  piece  A  A  move  truly  when  it  is  tumtd 
round,  there  ii  *.  hole  /,  Sg.  333,  to  receive  ft  knob  g,  fig.  338|  upon  ^  i 
plate  B,  which  act*  as  a  centre,  and  keeps  h  in  its  place;  thsre  arc  th^ 
holes  on  each  side  in  the  plute  B,  fig.  33f;  to  put  the  srrcw  r  in  at  i^ffer 
umes,  thus  giving  to  tku  tool  a  grtiilcr  fingt  than  the  circular  openings 
n  ill  uJmit. 

.  The  part  E  B  E  E,  represented  separately,  and  inverted,  in  fig'.  SSi,  is  of  ' 
Cast-iruD,  andh:isa  screw,  k,  working  ill  it,  similar  to  fig.  3S3i  the  nut  of  ibia 
screw  is  attached  tu  the  bultom  of  the  slide  il,  fig.  335,  at  t,  which  sUdcs 
in  the  groove  t,  figs.  331  and  334;  at  one  end  of  it  Is  a  box  co&talninj^  > 
screw  m,  to  be  hereafter  described,  and  at  the  other  is  a  frame  of  bras^  KK. 
Nearthe  same  end  of  the  slide  is  a  pin  L,  projecting  above  the  plate,  whicb 
is  put  through  an  opening,  j,  in  fig.  336,  to  steady  it,  while  the  other  end  C> 
of  fig.  336,  ia  put  through  an  opening  M,  in  the  box  D,  fig.  33  J.  In  Ac 
part  C  IS  an  oblique  slit  il,  to  receive  a  stub  which  projects  Innn  the  bottMU 
of  ttie  nut  71,  worked  by  the  screw  m,  &g.  335;  by  this  arrangement  it  fr 
obvious  tliat  if  the  screw  m  is  worked,  the  stub  of  the  nut  n,  actiDg  ag«MC' 
the  alide  of  the  slit  il,  as  an  inclined  plane,  will  move  it  either  backwaldsw 
forwards  throug-b  the  opening  .M;  a  ffiela!  cover  r,  fig-.  :!:(fl,  is  occasionjlly 
put  over  the  opening  for  the  nut  n,  and  screw  m,  to  prevent  the  chips  fiom 
falUng  in. 

Nearthe  four  comer*  (rfthe  frame,  fig-.  336,  are  four  small  p^ujections.off'>[^ 
with  inclined  sides,  which  fit  into  the  four  openings  pppp,  of  figs.  337  and 
331i  these  openings  are  cut  out  in  two  brass  plates,  which  arc  screwed  on  >t 
light  angles  to  the  plate  BB,  figs.  331  and  337{  the  ends,  qqgq,  of 
plates  slide  between  the  edges  of  the  frame  KK  and  the  box  D,  so 
prevent  any  other  motion  than  a  vertical  one.  When  this  slide  tool  is  used, 
the  puppet  G  is  to  be  removed  or  pushed  back  further  fiom  F,  and  the  tsd 
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js  put  upon  the  bar  H,  fig.  325,  and  fixed  in  the  place  of  the  rest  j,  by  the 
chunp,  fig.  332,  the  distance  from  the  centre  n  is  adjusted  by  die  screw  h, 
which  moves  the  slide,  fig.  335,  in  the  grooves  t,  figs.  331  and  334,  with  the 
whole  apparatus  upon  it;  by  the  screw  m,  fig^.  331  and  335,  as  before  de- 
scribed, the  slide,  fig.  336,  may  be  moved  in  a  direction  perpendicular  to  the 
bar  II,  fig.  325,  and  its  projections  oo,  acting  against  the  shts  pp,  figs.  331 
and  337,  as  inclined  planes,  will  raise  or  lower  the  plate  B,  as  is  required. 

The  tool,  which  has  been  before  fixed  in  the  holders  b  5,  can  be  set  at  the 
proper  angle  by  loosening  the  screw  e,  as  previously  described;  and,  lastly, 
the  tool  with  the  holders  and  slider  a,  can  be  advanced  or  withdrawn  by 
working  the  screw  e.  The  nuts  of  the  screws  c  and  A,  fig.  331,  are  not 
screwed  fast  to  the  sliding  plates  but  are  held  by  two  pins  /,  fig.  335,  which 
fit  into  grooves  u,  fig.  334,  in  each  side  of  the  nut;  by  these  means  the  sliding 
plate  can  at  any  time  be  taken  out  by  only  unscrewing  one  of  the  brass  slides 
from  the  grooves  i,  without  taking  out  tlic  screw  or  nut.  In  order  to  make  the 
{grooves  always  fit  their  slides,  the  two  pieces  of  brass  y  v,  fig.  331,  which 
compose  the  sides  of  the  groove,  have  elliptic  holes  for  their  screws  r,  so  as 
to  admit,  when  the  screws  arc  slackened,  of  being  pushed  inwards  by  the 
screw  w  which  works  in  a  lump  of  metal  cast  with  the  part  A  A. 

The  large  lathes  which  Mr.  Maudslay  uses  in  his  manu- 
factory, instead  of  being  worked  by  the  foot,  as  represented 
in  fig.  325,  are  worked  by  hand ;  the  wheel  and  fly-wheel 
vhich  the  men  turn  works  by  a  strap  on  another  wheel  fixed 
to  the  ceiling  directly  over  it;  on  the  axis  of  this  wheel  is  a 
larger  one,  which  turns  another  small  wheel  or  pulley  fixed 
to  the  ceiling,  directly  over  the  mandrel  of  the  lathe ;  and 
this  last  has  on  its  axis  a  larger  one  which  works  the  mandrel 
D,  by  a  band  of  catgut.  These  latter  wheels  are  fixed  in  a 
frame  of  cast-iron,  movable  on  a  joint;  and  this  frame  has 
always  a  strong  tendency  to  rise  up,  in  consequence  of  the 
action  of  a  heavy  weight,  the  rope  from  which,  after  passing 
over  a  pulley,  is  fastened  to  the  frame  ;  this  weight  not  only 
operates  to  keep  the  mandrel-band  tight,  when  applied  to 
any  of  the  grooves  therein,  but  always  makes  the  strap  be- 
tween the  two  wheels  on  the  ceiling  fit.  As  it  is  necessary 
that  the  workman  should  be  able  to  stop  his  lathe,  without 
the  men  stopping  who  are  turning  the  great  wheel,  there  are 
two  pulleys  or  rollers,  (on  the  axis  of  the  wheel  over  the 
lathe,)  for  the  strap  coming  from  the  other  wheel  on  the  ceil- 
ing ;  one  of  these  pulleys,  called  the  dead  pulley,  is  fixed  to 
the  axis  and  turns  with  it,  and  the  other  which  slips  round  it, 
is  called  the  live  pulley ;  these  pulleys  are  put  close  to  each 
other,  so  that  by  slipping  the  strap  upon  the  live  pulley,  it 
will  not  turn  the  axis ;  but  if  it  is  slipped  on  the  other, 
it  will  turn  with  it ;  this  is  effected  by  a  horizontal  bar,  with 
two  upright  pins  in  it,  between  which  the  strap  passes.  This 
bar  is  moved  in  such  a  direction  as  will  throw  the  strap  into 
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the  live  pulley,  by  means  of  a  strong  bcll-spting;  and  in  a 
contrary  tlirecilon  it  is  moved  by  a  cord  fastened  to  it,  which 
passes  over  a  pulley,  and  hangs  down  within  reach  of  the 
workman's  hard  ;  to  this  cord  is  fastened  a  weight  heavy 
enough  to  counteract  the  bell-spring,  and  bring  the  strap  up- 
on the  dead  pulley  to  tarn  the  lathe  ;  but  when  the  weight  u 
laid  upon  a  little  shelf,  prepared  for  the  purpose,  the  spring 
will  act  and  slop  it- 
Mr.  Maudslay  has  likewise  some  additional  apparatus  far 
cutting  the  teeth  of  wheels,  in  which  the  face  of  the  mandrel 
D,  fig.  385,  has  seventeen  concentric  circles  upon  it,  each  di- 
vided into  a  different  number  of  equal  parts,  by  small  holes. 

There  U  a  thin  atop  r,  fig.  31:5,  which  moves  round  on  >  screw  fixed 
in  ih«  sUndird  Fi  tins  nop  is  mule  of  thin  steel,  and  ii  so  fixed,  that 
when  it  is  turned  up.  and  its  point  inaerted  into  any  of  the  divisiotu 
of  the  mandrel,  it  will  have  a  mfKolent  spring  to  keep  it  tbcrei  Ihe 
wheel  to  be  cut  is  Taateiied,  hy  means  of  a  chuck,  to  the  screw  n,  and  after 
it  has  been  turned,  and  brought  to  the  proper  shape,  the  rest,y,  is  i«  be 
taken  away,  and  the  sUdc-Iool  nibstituted;  a  Mjunre  bar  is  then  put  inU 
the  twoh<Jders  bh,  6g.  33li  this  bar  has  two  branches  for  holding  the  end* 
of  a  spindle,  near  one  end  of  which  U  a  pulley,  and  at  the  other  are  fiwr 
cbrBcls  fixed  perpcndicubrly  into  the  Boindlr  forcutting'  out  the  teeth,  {instead 
of  ihc  circular  saw  commonly  used;)  the  pulley  ia  turned,  (with  the  inten ra- 
tion of  aercral  wheels  to  aurment  the  velocityt)  by  the  same  great  wheel  u 
the  lathe,  with  7J00  revolutions  per  minutei  the  mandrel  is  then  fixed  b] 
the  atop  X,  tiK-.  325,  and  the  cutter  advanced  toward*  the  wheel,  bj  ^ 
screw  t,  ti%.  3j1-  When  it  hss  cut  that  tooth,  the  cutter  is  withdrawn,  aM 
the  mandrel  turned  to  another  division,  and  n  tooth  i><  cut  apain  ai  before. 
At  that  part  of  the  frame  of  the  cutling-ap indie  where  the  bar  which  is  filed 
in  the  holder*  of  the  slide-tool  connects  with  the  two  branches,  then;  i*  » 
joint,  by  which  the  cutting-spindle  can  be  act  in  an  inclining-  position  for  \ 
catting  oblique  teeth,  like  those  which  arc  to  work  with  an  endless-screw. 
The  great  velocity  with  which  this  spindle  turns  »oon  generates  by  fHcoaa 
and  resistance  a  degree  of  heat  sufiicient  to  expand  it  very  sen^bly;  but  tliil 
ingenious  mechanist,  foreseeing  such  a  circumstance,  has  judiciously  compen- 
sated for  it  in  his  fconstruction,  by  making  the  spindle  io  short  aa  to  plaj 
loosely  in  its  sockets  at  the  commencement  of  the  motioni  but  after  a  ft* 
second!  the  elpanfflon  ia  such  as  to  cause  the  whole  to  fit  together  a3  it  oogiit 
to  do,  and  the  work  of  cutting  lo  proteed  with  accuracy  and  safety. 

Mr.  Smart,  of  the  Ordnance-wharf,  Westminster,  has 
made  some  very  useful  improvements  in  the  art  of  turning, 
and  particularly  has  struck  out  a  simple  method  of  tumlng 
cylinders  and  cones  in  wood.  ' 

His  turning'  mcichinp  is  illustrated  in  figs.  r,39  snd  SIO,  where  the  lep  ot     , 
btilcs  L,  the  puppets  A  B,  tlic  cheeks  n  n,  the  pikes  and  screws  M,  N,  K 
with   the   handle   D,  nre  but  slightly  varied  from  the  usual   construction.    1 
Bound  the  mandrel  R  pahsea  a  band  P  F,  which  also  enetnnpasseB  a  laije   |J 
wheel,  not  shown  in  Ihc  figure^  and  when  this  large  whtcl  b  turned  nou   N 
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with  moderate  swiftness,  it  communicates  a  rapid  velocity  to  the  mandrel  E, 
and  tlic  long"  piece  of  wood  G,  which  is  proposed  to  be  made  cylindrical. 
This  piece  is  previously  hewn  into  an  octagonal  form.  The  cutting  frame  H 
contains  a  sharp  iron  tool,  which  is  to  answer  the  purpose  of  the  common 
turning  gouge,  and  which  is  fitted  into  the  frame  so  as  to  project  a  little  be- 
yond its  inner  part,  after  the  manner  of  a  carpenter's  plane-iron  for  round  or 
ogee  work.  Then,  while  the  piece  G  is  turning  swiftly  round  by  a  man 
working  at  the  great  wheel,  another  man  pushes  the  frame  H  gently  on 
from  L  towards  M,  the  lower  nwt  of  that  fhime  fitting  between  the  checks 
o  Of  and  sliding  along  bctweenrhem.  By  this  process,  the  piece  G  is  re- 
duced to  a  cylinder,  moderately  smooth  $  and,  in  order  to  render  the  smooth- 
ness as  complete  as  need  be,  a  second  cutter,  and  its  frame  I,  adapted  to  a 
rather  smaller  cylinder  than  the  former,  is  pushed  along  in  like  manner  from  L 
to  M.  This  operation  may  be  pcriformcd  with  such  speed,  that  a  very 
ajccuratc  cylinder  of  six  feet  long,  and  four  inches  diameter,  may  be  fixed  to 
the  lathe  and  tiumed  in  much  less  than  a  minute. 

Mr.  Smart  turns  a  conical  end  to  one  of  these  cylinders  with 
great  facility,  by  means  of  a  cutting-blade  fixed  in  an  iron  hol- 
low conical  frame  K,  the  smaller  end  of  which  admits  the 
pike  from  the  screw  S,.  fig.  340,  to  which  one  end  of  the 
cylinder  G  is  attached ;  as  the  cylinder  turns  rapidly  round, 
the  cutter  K  is  conducted  gently  along  it  by  means  of  the 
hollow  frame,  and  soon  gives  the  conical  shape  to  the  end  of 
the  cylinder,  as  required. 

Some  important  directions  for  turning  screws,  ovals,  cubes, 
rose-work,  swath-work,  &c.  may  be  seen  in  Moxo7i*s  Mechanic 
Exercises:  see  also,  "Tour  pour  faire  sans  Arbre  toutes 
Sortcs  de  Vis,"  par  M,  Grandjeau^  in  ^*'  Recueil  des  3Iachines 
et  Inventions  approuvees  par  PAcad,  Roy.  des  Sciences ^'^  torn.  v. 
and  Mr.  Healy's  method  of  cutting  screws  in  the  common 
turning-lathe. 

Previously  to  entering  upon  the  several  branches  of  our 
manufactures,  where  machinery  will  be  found  in  its  most 
complex  state,  it  may,  perhaps,  be  considered  not  altogether 
irrelevant,  if  we  take  a  cursory  view  of  the  manner  in  which 
-we  have  conducted  the  reader  thus  far.  In  the  first  place, 
we  have  taken  up  the  subject  by  treating  of  the  Mechanical 
Powers,  and  the  attributes  of  matter,  as  if  he  were  totally 
unacquainted  with  the  science ;  and  having  given  him  every 
necessary  information  with  respect  to  the  fundamental  prin- 
ciples, have  then  proceeded  to  demonstrate  the  Moving 
Powers ;  thus  progressively  leading  him  on  to  a  perfect  com- 
prehension of  the  invariable  laws  of  mechanics,  before  we  have 
ventured  to  introduce  to  his  notice  certain  simple  machines 
acting,  either  separately  or  conjointly,  as  accessors  to  our 
manufactures.  These  we  have  now  also  portrayed,  and  so 
amply,  that  we  feel  satisfied  he  will,  though  totally  destitute 
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of  the  science  at  the  comnicncemcDt,  be  able  fullv  to  compre- 
hend and  appreciate  the  several  exccUeocics  of'  the  various 
combinations  which  will  now  be  unfolded  to  him. 

^Description  of  the  Turning' Lathe,  made  by  Rufus  Tyler, 
and  exhibited  at  the  Annual  Exhibition  of  the  Franklin 
Inntituic  of  Pennsylvania,  1825,  comprising  the  improvements 
of  Messrs.  Lukcns,  Mason,  Clantc,  Baldwin,  and  others. 
Plate  *4+. 

A,  thp  shtttrt  of  ciM-iPon,  supporlfd  by  Oircc  fcet,  which  serve  to  crma*A 
(hi-rii  finnty  nt  i  proper  distmnce  from  each  othct,  leaving  the  apace  between 
tiiem  unobitructcd  by  rross  bolii,  kr.  pennitting  the  tlide  hud  ^nd  rax  in 
be  taken  nut  without  delachlne  the  holdfuts;  the  inner  ed^a  ate  bcreUnl,  u 
nhown  iu  Rg'.  3,  which  is  an  end  liew  of  the  shears  and  foot. 

B,  the  slioding  heid,  cast  in  the  usual  way,  the  mandn:!  running  in  a 
conical  steel  eollar.  as  in  section,  fig-,  t.  The  cbuek  screw,  (■fr-4,  utit  ik 
drill  ehiick.  C,  &g,  1,  are  tligbtly  conical,  and  are  made  fast  in  the  maOdid 
by  the  key  D-  ThE  conical  end  of  the  back  centre  is  truncated,  uul  warb 
Againit  a  hudeneddie,  inserted  into  the  mandrel  for  that  purpose,  asdcasUiai 
The  pressure  in  drilling,  &c.  and  prevents  the  friction  which  the  acute  li^ 
oflhe  cone  n'Ould  otherwise  produce. 

E,  the  slide  head  bavin?  an  angrulsr  rib  scrcHcd  underneath  «&d  con* 
ponding  to  the  bevel  of  the  shears,  is  made  lo  compensate  fan-  wcannf  kf    j 
introducing  i  thin  slip  of  metal  between  it  and  the  head. 

The  slide  bar.  F,  U  cylindrical,  and  is  enclosed  in  a  hoUow  cylinder,  vlick 
fiiTms  the  top  of  the  Inad,  the  tcrew  has  a  lefi  hand  thread  and  pasan  ioM 
the  slide  b»r,  and  is  attached  bj  a  eollar  to  the  cylinder  of  the  head,  ■  "  * 
•ecurctitfVani'chipi  anddnit.  See  Section. 

G,  the  resli  grooved  undemesth  to  rcceire  the  holdbst,  as  at  fig.  S. 

The  lathe  is  screved  to  a  table,  n-bich  is  supported  at  each  end  b*  i 
of  ilnwerj,  leai-ing  a  apace  between  for  the  wheel  and  treadle. 

The  wheel  is  of  cast-iron,  with  curved  arms,  to  prevent  breaking  by 
traction  at  the  time  of  casting. 

From  the  back  part  of  the  tre^idle  is  raised  an  upright,  II,  from  the  t^  </ 
which  the  pitman  I  extends  to  the  crank. 

It  is  a  peculiar  property  of  the  rrank  with  a  short  pitaua 
to  turn  one  of  its  dead  points  much  quicker  than  the  other.it 
this  arrangement,  advantage  is  taken  of  that  peculiarity,  tai 
the  slower  turn  is  at  the  bottom  of  the  tread,  the  reverse  af 
this  takes  place  in  the  common  mode,  and  the  treadle 
quickly  returned  upon  the  foot.] 

SMe  Jirst,  as  made  by  Mason  &  Tyler,  of  Pbilfr, 
of  other  machinists. 

A,  life.    1.  plntc  "41.  represents  a  piece  of  mela!  grooved  underOEi^ 
receive  tlie  lioMfist,  iis  in  ibe  common  rc^.!,  li:ning'  a  circuUr  prrvj^rtas 
H,  made  flat  at  the  top,   farming-  a  bed  on  which  the  circular  biue  C 
and  is  held  fa«t  to  it  by  ihc  screw-bolt  D.  in  tlic  centre  of  ibc  hase. 

E,  the  main-bar  connected  to  the  base  C  bi  the  supports  F  F,  madeyedaVj 
Bat  on  it>  upper  surface,  having  the  edges  parallel  and  bevcUcd  naitt^'j 
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the  doTC-t:ul  groove  in  the  lower  aide  of  the  mun  slide  G;  in  the  top  of  the 
main  slide  b  a  dove-tail  groove,  crossing  the  lower  groove  at  rirht  angles, 
which  receives  the  cross  slide  I,  on  w^hich  the  cutUng  tool  is  placed,  and  may 
be  held  by  either  of  the  screws,  K. 

The  screw  H,  which  moves  the  main  dide  is  supported  underneath  the 
edge  of  the  main  bar  by  a  collar  P,  at  each  end,  to  protect  it  from  chips,  &c. 
and  works  in  a  semicircular  nut,  T,  which  is  attached  to  the  main  shde.  The 
collars  P  P  being  smaller  than  the  screw,  permit  the  nut  to  pass  over  them 
and  the  slide  to  be  taken  off  at  pleasure;  L,  a  screw  by  which  the  cross 
slide  is  moved;  it  passes  through  the  collar  H,  on  the  end  of  the  slide  I,  and 
works  in  a  nut  formed  in  the  bottom  of  the  groove.  At  each  end  of  the 
collar  piece  M  is  a  stop  screw  S,  used  in  turning  grooves  of  uniform  depth,  &c. 

From  the  foregoing  description,  it  is  obvious  that  the  cut- 
ting tool  may  be  moved  in  the  direction  of  either  slide,  or  in 
lines  at  right  angles  to  each  other. 

For  turning  cones,  cylinders,  concave  surfaces,  facing 
wheels,  &c.  the  rest  may  be  turned  around  the  centre  pin  D, 
by  which  it  is  screwed  down  to  the  bed. 

It  is  believed  that  this  improved  rest  combines  all  the 
advantages  of  other  instruments  of  the  kind,^with  greater 
strength  and  firmness,  and  is  adapted  to  the  €pmnon  lathe.] 

[Improved  Lever  Pressj  by  Rufus  Tyler,  for  cutting,  pierc- 
ing, &c. 

A,  fig.  2,  plate  ••44,  the  body  of  the  press,  B,  a  cylindrical  slide  working 
in  the  box  C,  and  is  connected  to  the  lever  D  by  the  plates  E  E,  a  piece  of 
steel,  F,  IS  introduced  between  the  top  of  the  slide  and  the  lever,  as  se'^n  in 
fig.  3,  the  use  of  which  is  to  present  sufficient  surface  to  sustain  the  pressure, 
and  to  preser\'e  as  nearly  as  possible  the  uniform  distance  of  the  centres,  whicli 
connect  them. 

G  is  a  punch  or  cutter,  the  conical  shank  of  which  is  accurately  fitted  to  a 
corresponding  hole  in  the  bottom  of  the  slide. 

The  die  seat  I,  is  a  circular  block  of  metal,  expanding  into  a  flanch  at  the 
liottom,  by  which  tlie  hooks  K  K  hold  it  firmly  down  upon  the  flat  bed  upon 
which  it  rests. 

By  this  arrangement  the  most  intricate  and  delicate  dies  may  be  set  with 
great  facility  and  the  utmost  accuracy,  by  any  inexperienced  person. 

L  is  a  stop  screw,  to  prevent  the  cutter  from  entering  too  deep  into  the 
lower  die. 

The  power  is  applied  by  the  foot  at  the  treadle  M,  which  has  a  counter 
balance  at  N.] 
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IRON  MANUFACTURE. 

Works  for  the  manufacture  of  iron,  owing  to  the  great 
sums  accessary  to  be  expended  in  their  erection,  have,  till 
within  these  few  years,  been  confined  to  a  very  limited  sole; 
but  the  spirit  oi  enterprise  which  has  of  late,  and  more 
especially  since  the  French  revolution,  manifested  itself  in 
nearly  the  whole  of  our  manufactures,  conjoined  to  the  tm' 
nense  capitals  acquired  by  many  individuals,  and  the^Siculty 
of  employing  them  to  a  better  ai  [vantage,  have  given  to  the 
manufacture  of  this  highly  valu  ible  metal  a  more  decisive 
character. 

The  ores  front  which  the  metal  is  extracted  arc,  to  thtt 
country,  found,  in  general,  to  consist  of  iron  united  with 
o:         n  and  various  proportions  of  earthy  matter. 

;  earth^matter  in  a  state  of  combination  with  the  iron  may 

i  aividcd  into  two  classes ;  the  one  called  argillaceous,  from 
oounding  in  exce&s  of  alumine,  or  clay  )  the  other  calcartoui, 
irom  abounding  in  lime.  The  former  is  by  far  the  most 
common  ;  indeed  it  is  owing  to  the  ore  being  so  freqocndy 
met  with  in  an  argillaceous  state,  that  iron^masters  are  se 
very  inattentive  to  its  qualitj',  and  that  we  sonn'ciimes  see 
them  use  limi^sione  as  a  flux  when  the  ore  already  abounds 
with  calcareous  ingredients. 

Both  lime  and  clay,  when  separately  subjected  to  the  usual 
heat  of  the  blast-furnace,  are  mfusible ;  but  on  being  mixed 
together  in  certain  proportions,  are  too  fusible  even  for  the  ( 
common  purposes  of  brick-making.  An  alloy  of  two  metals 
is  also  fusible  at  a  temperature  much  less  than  the  arith- 
metical mean  of  the  metals  tlicmselves. 

Such  being  the  case,  it  is  much  to  be  regretted,  that  iron- 
masters, in  general,  arc  so  very  ignorant  of,  and  inattentiw 
to,  the  fusibility  of  tliCjdilfercnt  combinations  of  the  iron  orei. 
which  causes  them  so  frequently  to  be  at  a  loss  what  to  add 
to  the  furnace  in  order  to  produce  the  most  fusible  cinder- 
An  analysis  of  the  ore,  by  which  they  might  learn  the  relative 
proportions  of  its  earthy  constituents,  and  the  quantity  of  j 
limestone  or  clay  to  be  added  as  a  flux,  would,  in  the  end.  I 
prove  much  to  their  advantage. 

In  the  usual  process  of  smelting,  the  coke  is  always  a  fixed  j 
quantity,  and  tlie  proportions  of  ore  and  limestone  Ue  j 
varied  actording-  to  the  quantity  of  iron  to  be  made,  andt^^ 
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working  order  of  the  furnace.  In  proportion  to  the  quantity 
of  lime  and  ore  that  is  added  to  the  standard  quantity  of  the 
coke,  the  furnace  is  said  to  carry  a  greater  or  less  burthen. 
Some  furnaces  carry  so  little  burthen  as  not  to  produce  more 
than  13  or  14  tons  per  week;  whilst  others,  with  the  same 
sized  furnace,  will  yield  60  and  even  70  tons  in  an  equal  time. 
The  burthen  of  the  last-mentioned  furnaces  is  very  great,  the 
ore  to  the  coke  being,  in  some  cases,  as  13  to  7.  The  quality 
of  the  iron  is  uniformly  inferior. 

The  burthen  of  the  furnace  will  vary  according  as  the  iron 
to  be  made  is  required  to  possess  more  or  less  carbon;  for 
instance,  in  making  No.  1,  or  the  best  iron,  which  contains 
the  greatest  portion  of  carbon,  the  burthen  must  be  consider- 
ably less  than  that  required  to  make  less  carburetted  iron,  or 
what  is  called  white-iron,  or  forge-pig. 

To  afford  a  general  idea  of  the  proportions  of  the  materials, 
we  shall  state  the  quantities,  given  by  Mr.  Mushett,  as  used 
at  a  blast-furnace,  making  good  melting  iron,  which  is  of  an 
intermediate  quality  between  No.  1  and  the  forge-pig.  The 
ore  is  argillaceous,  containing  on  the  average  about  27  per 
cent,  of  iron ;  the  coal  rather  soft,  but  not  very  bituminous, 
and  contains  a  large  proportion  of  carbonaceous  matter ;  and 
the  limestone,  which  is  that  abounding  in  shells,  from  Critch, 
in  Derbyshire,  is  very  good.  It  works  with  a  bright  tuyere, 
and  receives  from  the  blast  about  2,500  cubic  feet  in  a 
minute,  through  a  circular  aperture  of  2|  inches  in  diameter. 

It  is  usual  at  this,  and  most  other  furnaces,  to  divide  the 
men  into  two  classes,  one  class  to  relieve  the  other  every  12 
hours  ;  these  periods  are  called  shifts.  1  he  average  charges 
of  coke  per  shift  are  50,  (each  2i  cwt.)  or  about  six  tons. 
The  quantity  of  calcined  ore  for  the  manufacture  of  good 
melting  iron  is  upon  a  par  with  the  coke ;  and  for  forge-pig, 
or  the  least  carburetted  variety,  six  of  coke  to  seven  of 
ore.  The  limestone  unburnt,  under  the  same  circumstances, 
is  to  coke  as  4  to  11 ;  and  for  melting  metal  retains  a  similar 
ratio.  With  the  above  charge  per  day,  that  is,  for  twelve 
hours,  this  furnace  makes  on  the  average  about  40  tons  melt* 
iDg  iron  per  week. 

After  the  ore  is  dug,  it  is  drawn  from  the  pit  by  the  power 

of  steam-engines ;   it  is  then,  in  order  to  extract  the  arsenic 

and  sulphur,  subjected  to  a  process  called  roasting*    This 

process  consists  in  laying  the  ironstoqe  in  strata  with  refuse 

pit-coal,  called  in  Staffordshire  slacks  and  setting  (ire  to  it  on 

the  windward  side,  burning  it  in  large  heaps  in  the  open  air. 

When  the  ore  has  been  roasted,  it  is  taken  to  the  smelting 

4,x 
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or  blafet-fumace,  the  lower  part  of  which  is  filled  with  either 
charcoal  or  coke;  the  coke  is  at«'a3-s  a  fixed  quantity,  and 
the  proportion  of  litnesiore  added  to  the  ore  is  according  to 
ihr  quantity  of  heterogeneous  matter  with  which  the  metal  is 
combined. 

A  wcljon  of  the  bhst-rurimee  U  rcprcsMtcd  in  fig.  3*6.  A,  it  the  top  ef 
tbr  fiuTiace,  is  >n  opening-  for  the  intntJuction  of  the  mBterialii  B,  tbe  btti; 
of  the  ftimarci  C,  the  place  vhcrc  the  blut  is  introiluceili  and  D,  »  civiCf  Ui 
receive  tile  mct^  when  released  from  the  eartby  matler. 

Tlie  maieriaU  in  the  furnace  are,  previousi)'  to  the  intro- 
duction of  the  blast,  heated  simply  by  the  draught  of  the 
atmosphere  ;  the  coke  and  limestone  to  a  bright  red  or  wiiitc 
heat,  and  the  iron-ore  to  a  melting  heat. 

When  the  blnst  is  introduced,  the  metal  immediately  above 
it  is  brought  into  a  state  of  fusion,  and  penetrates  throug))' 
the  fuel  into  the  cavity  D,  The  ore  and  fuel  that  were  above 
it  sink  down  to  (ill  up  the  space  left  by  the  ore  melted  and 
the  fuel  consumed.  This  next  cooies  under  the  operation  of 
the  blast,  and  is  similarly  reduced. 

The  men  who  attend  the  furnace  keep  adding  fuel,  ore,  and 
limestone,  through  the  opening  A,  at  the  top,  and  tht 
operation  of  smelting  goes  on,  until  the  melted  iron,  in  tbe 
cavity  D,  rises  nearly  to  a  level  with  the  tuycre*irons,  « 
blast-pipes.  1 

The  melted  iron  is  then  tapped,  by  driving  a  round-pointed  1 
bar  into  a  sort  of  loam,  with  which  the  hole  is  stopped,  lod    ] 
run  into  moulds  made  in  sand;  in  this  state  it  is  called  pig 
or  cast-iron. 

When  the  slag,  in  smelting,  has  a  greenish-grey  appeir* 
ance,  it  is  a  certain  sign  that  the  furnace  is  in  eicellcQl 
order ;  and  when  the  colour  changes  to  black,  it  denotes  ihlt 
something  is  guing  wrong. 

In  making  the  best  iron,  called  No.  ),  which  possesses  lilt 
greatest  quantity  of  carbon,  it  frequently  happens  that  a  poi- 
tion  of  the  iron  will  unite  with  a  great  excess  of  carbon ;  and 
as  this  carburet  is  less  fusible  than  the  iron,  it  will,  previously 
to  the  iron  entering  into  the  pig-moulds,  be  seen  floating  it 
the  top  in  the  form  of  scales.  The  appearance  of  this  sub- 
stance, called  by  the  workmen  irsh,i6  a  sign  that  the  fum»ce 
is  working  the  best  sort  of  iron  ;  indeed,  it  is  so  common  U 
attendant  on  the  producrion  of  the  roost  highly  carbonized 
iron,  that  the  workmen  have  applied  the  term  iiifiif  to  that 
peculiar  sort  of  iron. 

The  limestone  and  the  earths  being  much  lighter  than  ih' 
metal,  float  upon  its  svirface,  and  gradually  rising  as  the  inci*I , 
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accumulates,  is  ultimately  discharged  over  a  dam^stone^whichy 
though  at  right  angles,  we  have  represented  by  the  dotted 
lines  enclosing  the  letter  I.  T  is  called  the  lymp-stone^  and 
forms  a  bridge  over  the  cavity  in  which  the  liquid  cinder 
rises;  t  is  the  iymp^plate^  to  give  the  stone  greater  firm* 
ness,  as  r,  which  is  called  the  dam^plate^  does  the  dam-stone. 
The  cinder,  if  not  taken  to  mend  the  roads,  is  thrown  away 
as  useless. 

Sometimes  two  blasts  are  introduced,  as  may  be  seen  in  fi^.  347.  That  blast, 
and  that  furnace,  which  can  reduce  the  greatest  quantity  of  fuel  in  a  certain 
time,  will  always  produce  the  greatest  quantity  of  iron. 

The  blast  conveyed  into  the  furnace  is  from  1,000  to  4,000 
feet  per  minute ;  and  it  is  worthy  of  remark,  that  the  quantity 
of  metal  fused  does  not  agree  with  the  ratio  of  the  blast ;  for 
instance,  a  blast  of  1,500  feet  per  minute  will  manufacture 
20  tons  of  melting  iron  per  week ;  a  blast  of  3,000  only  SO 
tons,  and  a  blast  of  6,000,  which  is  double  the  last,  and  four 
times  the  amount  of  the  first  blast,  only  36}  tons  per  week ; 
and  again,  a  blast  of  2i  lbs.  per  square  inch  will  manufacture 
from  22  to  25  tons  per  week;  while  two  pipes  of  the  same 
diameter  as  the  last,  with  a  blast  of  3  lbs.  per  square  inch, 
will  never  exceed  30  tons. 

In  the  summer  months,  owing  to  the  increased  temperature 
of  the  atmosphere,  the  furnaces  yield  little  better  than  one 
half  the  quantity  that  they  do  in  winter,  and  the  iron  is  of  an 
inferior  quality.  In  some  manufactories,  by  adding  a  greater 
quantity  of  fuel,  the  quality  of  the  iron  is  preserved  \  but  in 
others  no  addition  of  fuel  will  compensate  for  the  deficiency 
either  in  quality  or  quantity. 

In  presenting  the  section  of  a  blast-furnace,  represented  in 
fig.  346,  we  do  not  pretend  to  recommend  it  as  the  best  form 
oi  construction.  Different  iron-masters  have  variously  con- 
structed their  furnaces,  and  as  each  of  them  can  boast  of  be* 
ing  in  some  degree  successful,  it  were  needless  to  give  a  de- 
scription of  any  particular  one ;  we  shall  therefore  briefly 
mention,  that  of  whatever  materials  the  buildings  be  made, 
care  should  be  taken  that  they  contain  no  more  moisture  than 
is  absolutely  necessary  for  their  proper  construction. 

In  the  erection  of  the  wall,  a  space  of  about  six  inches 
should  be  left  from  the  bottom  to  the  top ;  in  this  aperture 
small  fragments  of  sand-stone,  not  exceeding  the  size  of  an 
cggi  may  be  introduced,  so  that  when  the  expansion,  pro- 
ceeding from  the  fire-building  of  the  interior,  causes  the 
bricks  immediately  in  contact  to  push  outwards,  the  masses 
of  Mud-stone  are  iastaatly  reduced  in  size,  and  filling  the 
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interBlices  occasioned  by  their  former  angular  shape,  occupy 
much  less  space,  and  prestnl  lo  the  flame  or  fire,  ^hotitcl  it  \x 
inclined  to  penetrate  ao  far,  a  solid  vertical  atratum  of  saad, 
after  having  secured  the  expansion  of  the  furnace  lo  the  ex- 
tent of  some  inches.  The  effects  of  the  pressure  are  thus 
diverted  from  the  shell  of  the  building,  and  lost  in  the  pul- 
verization of  the  sand-stone. 

The  advaniages  resulting  from  this  plan  may  be  oearljr 
doubled,  by  using  a  double  lining  of  fire-bricks,  between  each 
of  which  and  the  common  building  a  similar  vacancy  should  I 
be  left,  bui  tilled  with  sharp  sand,  containing  no  more  moistun 
than  serves  to  compact  it  in  a  firm  body  ;  d»  this  moisture  be- 
comes gradually  e:(pellcd  in  the  alow  heating  or  annealing  of 
the  furnace,  the  sand  occupies  less  bulk,  or,  which  is  the  sami 
in  effect,  is  then  susceptible  of  a  greater  degree  of  comprca- 
sion  when  the  gradual  expansioa  of  the  furnace  comes  on.  It 
is  evident  that  the  force  is  here  also  diverted  against  the 
sand,  in  place  ol  acting  immediately  with  a  letidency  to  CIM 
large  the  circumference  of  the  building.  ' 

Over  and  above  these  precautions,  the  annealing  or  drying 
of  the  furnace  in  a  progressive  and  regular  manner  ought  ta 
be  carefully  attended  to,  and  continued  for  two  or  three  monthi 
at  least. 

Many  methods  have  been  adopted  to  obtain  a  regular  and 
uniform  blast.  The  first  that  wc  shall  notice,  and  which  ta  in 
pretty  general  use,  is,  by  discharging  tlic  air  from  the  blow- 
ing-cylinder into  an  intermediate  cyhnder  of  larger  diameter, 
called  the  regulator;  in  this  vessel  is  a  loose  piston,  which  is 
forced  up  by  the  air  from  the  blowing-cylinder,  and  being 
Weighted,  it  descends  during  the  returning  stroke,  and  cod' 
tinues  to  press  the  air  into  the  furnace,  by  which  tneans  a 
more  steady  and  uniform  blast  is  kept  up  than  would  be  effect- 
ed by  the  first  cylinder  alone. 

As  this  method  of  regulating  the  blast  has  been  found  to 
be  far  from  perfect,  other  means  have  been  resorted  to  with 
a  view  of  obtaining  the  desired  end.  The  one  called  the 
water-regulator  consists  of  a  large  cistern,  in  which  another 
of  less  area  and  capacity  is  inverted.  Through  the  bottom 
of  the  smaller  cylinder,  which  is,  from  its  being  inverted, 
tjppermost,  a  pipe  communicates  with  the  blowing-cylinder. 
This  inner  cistern  is  filled  with  water,  as  is  also  the  space 
between  the  inner  and  outer  cistern  to  the  same  level.  Now, 
supposing  the  air  to  be  forced  from  the  blowing-cylinder 
through  the  above-mentioned  pipe  into  the  inner  cistern,  the 
water,  being  displaced  by  the  air,  will  descend  ia  the  inner 
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cistern,  and  rise  up  between  the  two  vessels  till  the  column 
of  water  on  the  outside  be  equal  to  the  required  force  of 
the  blast ;  this  column  would  be  about  4  lbs.  upon  a  square 
inch,  and  about  nine  feet.  Another  pipe  proceeds  from  the 
same  cavity  in  the  inner  vessel  to  the  furnace,  and  communi- 
cates nearly  a  uniform  blast,  varying  only  with  the  outer 
column  of  water,  which  will  be  less  as  the  outer  surface  of 
the  water  is  greater. 

This  contrivance,  though  for  some  time  considered  an  im- 
portant discovery,  has,  in  many  instances,  been  abandoned, 
owing  to  its  carrying  water,  both  in  a  state  of  spray,  produced 
by  the  agitation,  and  in  a  state  of  vapour,  into  the  furnace, 
by  which  both  the  quality  and  quantity  of  the  iron  was 
materially  affected. 

Another  mode  has  been  attempted  to  equalize  the  blast, 
called  the  air-vault.  The  first  experiment  of  this  nature  was 
tried  at  the  Clyde  iron-works,  by  excavating  a  large  cavity 
in  a  rock,  into  which  the  air  was  forced  by  the  blowing  ma- 
chine ;  but  the  trial  was  unattended  by  success,  partly  from 
the  vault  not  being  air-tight,  and  partly  from  the  moisture 
which  exuded  from  the  rock  mixing  with  the  air. 

A  more  successful  experiment  was  made  at  the  Carron 
iron-works.  An  air-vault  of  wrought-iron  i  plate  has  been 
employed  in  one  of  the  furnaces  at  Bradley,  in  Staffordshire, 
which  appears  to  answer  very  well.  Its  form  is  a  cylinder 
about  10  or  12  feet  diameter,  and  50  or  60  feet  long. 

According^  to  an  average  deduced  from  a  series  of  experiments  made  bv 
Mr.  David  Mushett,*  it  appears^  that  when  the  outer  air  was  from  63°  to  68^. 
the  air  immediately  after  its  escape  from  the  blowing-cylinder  into  a  re- 
ceiTing  vessel,  was  increased  fVom  63°  to  90°,  and  from  68°  to  99^°.  In  an 
average  of  thirty  experiments  the  air  in  the  act  of  condensing  was  raised 
30**.  This  would  have  the  effect  of  increasing^  its  volume  not  less  than  IS^ 
of  the  whole,  and  the  increased  pressure  of  the  blast  by  this  cause  alone, 
would  be  nearly  half  a  pound  upon  an  inch.  Or,  in  other  words,  if  the 
air  were  introduced  into  the  furnace  at  60°,  the  same  quantity  would  be 
admitted  with  half  a  pound  less  pressure  upon  an  inch  than  if  it  were 
90°.  Hence  any  means  of  cooling  the  air  after  its  condensation,  in  all 
seasons  of  the  year,  roust  be  attended  with  beneficial  consequences.  If  the 
air-vault  were  made  of  wrought-iron,  and  its  surface  constantly  kept  wet, 
the  evaporation  from  so  g^eat  a  surface,  if  freely  exposed  on  all  sides  to  the 
air,  would  cool  the  air  very  considerably.  Indeed,  without  the  aid  of  tlie 
moisture,  the  effect  would  be  such  as  to  recommend  its  adoption.  It  was 
supposed,  that  in  the  summer  season  there  would  be  some  advantag^e  in 
bringing  the  air  under  ground  for  a  considerable  distance  before  it  entered 
the  blowing  machine;  but  the  resistance  arising  from  the  friction  on  the 
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The  pig-iron  wHich  has  the  smallest  pwtioD  of  carbon  u 
ihe  best  adapted  for  conversion  into  malleable  iron  :  and  u 
a  proof  that  the  pig-iron  has  only  to  lose  its  carbon  ta  becoaK 
malleable,  ive  shall  state  the  fact,  thai  we  hare  in  this  cnaniry, 
ai  thi*  present  time,  many  manataciories  upon  a  larg«  scak, 
for  the  express  purpose  of  converting  articles  made  of  cart- 
iron,  such  as  nails,  cutlery,  &c.  into  irtm  perfectly  malleable, 
without  altering  in  <hc  slightest  degree  the  figure  given  to 
them  in  ihe  casting.  Wc  have  even  seep  nails  made  in  Ais 
way  welded  together,  and  when  cold  bent  at  right  atiglci  ia 
a  vice. 

The  mvthod  of  releasing  the  pig-iron  of  its  carbon,  or  ct 
converting  it  into  what  is  called  lurought  or  malUabU  ire*, 
is,  by  placing  it  in  an  open  furnace,  termed  a  refinerif^KoA 
by  some  a  run-out  furnace,  heated  by  cokes,  and  subjccitd 
to  the  operation  of  a  vtry  powerful  blast.  The  pig-iroo  iiX 
laid  upon  the  cokes,  and  is  soon  mi^Itcd,  leaving  much  of  its 
impurity  behind.  This  is  termed  refining  it.  The  inctit" 
when  melted  is  run  into  plates,  about  four  inches  thick,  «iid 
as  soon  as  it  becomes  set,  is  thrown  into  water,  which  maka 
it  more  frangible,  and  easier  to  be  broken. 

The  refinidK  furnace  is  rcpre5tnlcd  in  fig".  .143  aa-i  54!)-      A  »  »  Kft^ 


rffinine  juirac*. ' 
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■  inches  deep,  to  r 


1  the  cake  of  metal  is  broken  into  lumps  of  a  con- 
size,  it  is  taken  to  the  puddling  fiirnacr,  where  it  is 
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venient 

heated  with  coals,  without  the  aid  of  an  artificial  blast, 
soon  as  the  metal  becomes  heated,  and  begins  to  nicll,  or  his 
a  frosty  apptarance,  the  furnaceman  throws  in  a  small  quan- 
tity of  water  to  keep  it  at  a  proper  temperature,  and  keeps 
stirring  and  moving  it  about,  so  that  the  carbon  makes  it5 
escape.  The  water  that  is  thrown  in  to  preserve  the  tem- 
perature also  assists  in  some  degree  the  dccarbonization. 
The  quality  of  iron  depends  much  upon  the  attention  that  ii 
paid  to  it  during  this  process. 

When  the  iron  is  deprived  of  the  carbon,,  or  fusible  pro- 
perty it  before  possessed,  the  furnaceroan  rolls  it  up  into 
balls  of  one-half  or  three-quarters  of  a  cwt.  each.     It  is  ikeo 
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brpught  out  of  the  furnace  and  placed  under  a  tilt-hammer^ 
or  passed  through  the  rolls,  or  rollers,  which  consolidates  it, 
and  forces  out  more  of  the  impure  parts.  A  considerable  loss 
in  weight  is  sustamed  in  this  process,  not  only  from  the  iron 
losing  its  impuritieft^ut  also  from  the  surface  of  the  bloom 
or  bar  oxydizing  and  falling  off  in  scales  whilst  being  work- 
ed. The  loss  which  is  thus  sustained  in  weight  is  generally 
estimated  at  one-sixth  or  one-seventh  of  the  whole. 

A  section  and  elevation  of  the  puddling^  furnace  is  represented  in  figf.  350. 
A  is  the  door  for  the  admission  of  metal,  having  a  smaU  square  hole  ^  for 
the  introduction  of  the  rake  and  other  tools  uaed  by  the  fumaceman.  B  is 
the  chimney;  C  the  ash-pit;  and  D  the  gnte.  At  E  is  a  circular  cavity, 
where  the  prepared  metal  is  laid,  and  the  name  passes  over  it  up  the  chim- 
ney B.  The  beat  of  the  furnace  is  so  intense  tliat  without  having  the  door 
for  a  guard,  and  the  small  hole  h  for  the  introduction  of  the  implements, 
the  fumaceman  could  not  approach  it;  nor  indeed  can  he  as  it  is  without 
Buffering  great  inconvenience.  The  hole  is  also  of  use  for  him  to  look  into 
the  furnace  to  observe  how  the  work  is  going  on.  At  first  the  light  is  too 
intense  to  be  borne,  but  by  practice  the  eye  at  length  becomes  accustomed 
to  it,  and  is  able  perfectly  to  distinguish  the  different  masses  as  they  lay  in 
the  furnace. 

The  iron  having  undergone  this  process  is  taken  to  the 
shears  and  cut  into  lengths  of  about  one  or  two  feet,  and  in 
order  to  impart  closeness  and  solidity  is  piled  into  pieces  of 
seven  or  eight  together,  and  heated  in  another  furnace,  very 
similar  to  the  one  just  described.  There  is  no  occasion  this 
time  to  remove  them  about,  for  the  iron  having  lost  its  car- 
bon is  infusible.  When  it  is  of  a  sufficient  heat,  which  the 
fumaceman  from  practice  can  easily  tell  by  his  eye,  it  is  again 
brought  to  either  the  hammer  or  the  rollers,  and  is  worked 
into  a  bar.  This  is  called  No.  2  iron.  Again,  further  to  im* 
prove  the  quality,  it  is  cut  up,  piled,  and  worked  over  again ; 
and  is  then  called  No.  3,  or  best  iron.  The  more  the  iron  is 
worked  the  purer  it  becomes,  and  the  grain  becomes  more 
closely  united;  but  of  course  it  becomes  more  expensive. 

Two  kinds  of  hammer,  moved  by  machineiy,  are  used  in  iron-works.  The 
one  called  the  forseJiammer  is  represented  in  fig.  353.  The  first  mover  gives 
motion  to  the  shaft  A  A,  by  means  of  a  cog-wheel  acting  upon  the  pimon  B. 
The  shaft  is  regulated  by  a  fly-wheel  C,  and  has  at  the  further  end  a  number 
of  cog^  which  by  passing  under  the  shaft,  or  helve,  D,  lift  the  hammer  E. 
F  is  a  strong  horizontal  beam,  inserted  in  the  post  G,  and  loaded  with  heavy 
pieces  of  metal,  at  H,  to  prevent  it  receiving  motion  from  the  hammer. 
Another  large  beam  of  wood,  made  of  either  oak,  or  ash,  but  most  fre- 
quently the  latter,  is  inserted  in  tlic  posts  I K.  The  hammer  in  its  ascent 
strikes  against  tliis  beam,  called  the  rabbit,  which  by  its  elasticity  reacts  upon 
the  hammer,  and  causes  it  to  descend  with  greater  velocity  than  would  b« 
produced  by  gravity  alone. 
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The  construction  of  a  tih-hamtner  difTers  from   that  of  ttie 
forge,  by  heint;  poised  on  a  centre  of  moiion,  about  the  mid- 
dle, or  two-lliirds  of  the  length  of  the  helve  from   the  bead, 
and  from  receiving  its  moiion  from  cogs  acting  upon  the  iwl' 
of  the  helve.  In  some  few  cases  the  ash  Kpriny  ia  placed  over   i 
the  head  of  the  hammer  simihirly  to  that  above  described xJ 
but,  in  general,  the  tail  of  the  helve  is  made  lo  strike  agamstV 
a  fixed  floor,  anil  the  hammer  from  the  force  it  has  rcceivedi 
continuing  to  rise  after  the   tail    strikes   the  floor,    the  helve  J 
bends,   and   by  its  elasticity  causes  the  hammer  to   descend  Jl 
with  greater  force  upon  the  anvil.  .'' 

The  till-hammer  >■  K[>reBented  in  lig.  354.  It  a  tulien  from  >  ttlt-milt  w^k 
■  mt  tlie  C»rTon  iron-work*  in  Scotland,  after  designs  of  ihe  celebraud  Mn/ 
fimeaton.     It  is  adapted  fat  farming'  iron  into  bun.     The  descriptjoa  iso^ 
tracted  from  Dr.  Ree»'s  Ci/clnpxdia. 

Haviag  deicribed  the  manner  In  vhlcb  the  tilt-hammer  is  cotmrcted  vi(k 
the  flnt-mOTcr,  (drawing  of  which  may  be  seen  in  llie  work,)  the  ta\bai 
proceeds  to  explain  the  figure  above  tefetrcd  lo;  t  the  iron  licad  of  llie  ha«- 
■ncr,  /  its  centre  of  motion,  and  d  the  tail  or  extreme  end,  upon  which  the 
co^  of  tbf  H'heel  act,  and  which  ii  plated  with  iron  on  the  upper  side,  ts 
prevent  it  froro  wetring. 

P  is  tile  onvil-block.  which  must  be  placed  on  a  I'cry  jirm  foundation,  to 
resist  the  inceraant  shocks  to  which  it  is  anbjcctcd:  the  centre,  /,  or  ti'aot 
the  hammer,  ii  lupportcd  in  ■  east-iron  fr»inc  gi,  called  the  hirst.  When 
the  cogs  of  the  wheel  strike  the  tail  of  the  hunmcr  suddenly  down,  aod 
fuse  the  head,  tlie  lower  side  of  the  tail  of  the  hunmer  sErike*  upon  a  wa^ 
port »,  which  acts  to  stop  the  ascent  of  the  head  of  the  hammer  r,  whea  A  \ 
arrive<i  at  the  desired  height;  but  as  the  hammer  is  thrown  up  with  a  conri- 
deniblc  velocilvss  welUs  foni-,  llic  etTott  iflbf  be:,.!  to  continue  ifsmotinn. 
after  the  tail  Blriltes  the  stnp  ri,  in:ts  lo  bmd  i!k-  \ieUc.  i.of  the  hammtr,  ifid 
the  clasticity'of  the  helve  recoils  tlie  hnmmer  down  upon  the  anvil  ^ih  s 
.  ndoubled  force  and  velocity  to  that  which  it  would  acquire  from  the  action  ■ 
of  gravity  alone,  t 

To  obtain  this  action  of  recoil,  the  hirsl^A  must  he  held  down  as  firml;  a 
possible;  and  tor  this  purpose,  four  strong-  iron  bolts  are  carried  down  fnns  \ 
the  four  angles  of  the  bottom  plate  A,  nnd  made  fast  to  the  solid  basis  of  stone 
R  R,  upon  which  the  whole  rests;  iipoi)  this  basis  are  placed  Tour  layers  of 
timber,  ii: /rn,  which  are  laid  one  upon  another,  and  the  timbers  of  each 
layer  are  laid  cross-ways  over  the  others.  Each  layer  consists  of  several  pieco 
laid  side  by  side,  and  tbey  are  slightly  trecnailed  together,  to  form  a  platfcra- 
Each  pbtfortn  is  Fatherless  than  that  upon  which  it  rests,  so  astoformapUhc 
of  solid  timber!  on  the  top  of  which  the  hirst-frame,  g  h,  is  placed,  and  Ennh' 
held  down  by  the  four  bolts,  which  descend  through  all  tlie  platforms,  and 
have  secure  fastenings  in  the  solid  masonty  beneath. 

The  stop  n  is  supported  by  a  amilar  pillar,  but  smaller,  and  composed  ef 
three  layers;  the  upper  piece  n,  which  is  seen  cross-ways,  is  about  three  feet      i 
long,  and  the  under  side  is  hollowed,  so  that  the  piece  bears  only  upon  the 
two  ends,  leaving  a  vacancy  beneath  it,  which  occiRiions  it  to  bend  or  sprioi'      ' 
every  time  thetailrf  of  the  liainmer  strikes  upon  it,  and  this  aids  the  recoitin; 
action  very  much.' 

The  axis  on  which  the  hammer  moves  is  formed  by  a  ring  of  cait-irao. 
through  which  the  helve  of  the  hammer  is  put,  nnd  held  fast  by  wcdgiair 
round  it.    The  ring  hu  s  projecting  trunnion  oii  each  uilei  ending  in  u 


^vLJi 


35-t  f>344 


1 


AND  M ACHIVI8T.  M9 

obtuse  conical  point,  wliich  ii  received  in  a  socket  fiipiljr  fixed  in  tiie  hinu 
fhune  gK^y  screws  and  wedges,  one  of  which  is  seen  at  r.    These  two 
soekets  are  thus  capable  of  adjustment,  so  as  to  make  tiie  hammer  bee  fidl 
'  flat  upon  the  anvil. 

^^n  the  Canon  iron-wofks,  three-  hammers  are  worked  from  the  SHane 
jplPL  In  such  case  it  is  necessarjr  to  have  the  three  wheels  that  com- 
^nmiicate  motion  to  their  respectiTe  hammers  of  different  sixes  and  numbers 
of  cogs  to  produce  that  velocity  in  each  hammer  whidi  b  best  a<^«n*f>d  fbr 
the  wbrk  it  is  to  perform;  thos  the  wheel  fbr  the  hammer,  wfaidbLtt  repre- 
semted  in  fig.  352,  has  eight  cogs,  and  therefore  produces  eight  blows  orthe 
liammer  fbr  each  revolution  Si  the  flv-wheel;  the  wheel  for  Ae  middle 
hammer  has  12  cogs;  and  the  wheel  for  the  smaller  hammer  16;  the  lat- 
ter will  therefore  nuJce  two  strokes  fbr  every  one  of  the  great  hammers. 
In  fijdng  the  three  wheels  upon  the  -great  shaft,  care  is  taken  that  they  shall 
produce  the  blowp  of  the  different  hammers  in  regular  succession,  and 
equalize  as  much  as  possible  the  force  which  the  water-wheel  must  exert. 
The  wheels  are  fixea  on  the  shaft  by  means  of  a  wedging  of  hard  woodf 
driven  in  all  round;  the  wood  being  ciupable  of  yielding  a  littie  to  the  shocks 
occanoned  by  the  cogs  meeting  the  tails  of  the  hammers,  renders  the  Gon« 
cussions  less  violent 

The  following  are  the  principal  dimensions: 

The  head  of  the  great  hammer  weighs  Si  cwt  and  it  is  Intended  to  make 
150  blows  per  minute;  it  is  lifted  17  inches  from  the  anvil  at  eveiy  blow. 

The  micUle  hammer  is  2  cwt  and  makes  225  blows  per  minute;  it  is  lifted 
14  inches  each  time. 

The  small  hammer  weighs  1|  cwt  and  makes  300  blows  per  minute;  it  is 
lifted  only  12  inches. 

To  produce  these  velocities,  the  great  axis  upon  which  the  cog-wheels 
are  ftied  must  make  18|  turns  per  minute;  and  the  pinion  upon  this  axis 
being  in  proportion  with  the  cog>wheel  upon  the  shatt  of  the  water-wheel 
as  1  is  to  3,  the.  water-wheel  must  make  6^  revolutions  per  minute;  the 
water-wheel  being  18  feet  diameter,  its  circumference  will  be  18  X  3  .  1416 
SB  56  .  54,  or  56^  feet;  this  multiplied  by  6.25  is  about  353  feet  motion  pet 
minute,  or  ^vided  by  60  ss  5.9  feet  motion  per  second  for  the  circumfeitnce 
of  the  water-wheel. 

The  tilt-mills  employed  in  the  manufacture  of  steel,  do 
not  have  the  great  hammer,  but.  the  largest  the j  use  itf  about 
^  the  size  of  the  middle  one,  and  is  adapted  for  welding  faggots 
of  i|eel  to  make  sheer  steel:  the  other- two  hammers  are 
aBoiit  the  aize  of  the  smallest  just  described,  and  are  made 
to  work  much  quicker,  viz.  from  350  to  400  blows  per 
minute.  This  is  very  easily  accomplished  by  making  the 
pinion  upon  the  fly-wheel  shaft  in  proportion  to  the  cog- 
wheel that  aicts  upon  it,  and  is  fixed  to  the  water-wheel,  as  1 
is  to  4. 

This  highly  valuable  metal,  having  undergone  these « pro- 
cesses, is  now  sold,  and  is  used  by  smiths  for  an  innumerable 
variety  of  purposes.  Indeed,  when  we  reflect  upon  the  many 
thousands  of  men,  women,  and  children,  who  are  daily  em- 
ployed in  die  manufacture  and  working  of  tiiis  metal ;  when 
:  4S 
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'C  consider  the  immcnae   number   of  families    of  miocn, 

rs,  refiners,  smiths,  and  other  handicraftsmen,  who,  in 

e  civilized  parts  of  the  world,  look  up  to  this  particular 

Dranch  of  manufacture  for  their  maintenance  and   suppo^ 

ncn  we  consider,  thai  the  once  obscure  and  i  n  coo  side  rJI^ 

of  MerthjT  Tydvil,  though  wild,  barren,  and  sterile, 

poor  to  produce  even  the  common  necessaries  of  Hfe, 

copied  in  the  teeth  of  every  obstacle,  and,  within 

|)  )f  seventy  years,  has,  through   the  manufacture  of 

metai,  become  by  far  the  largest  and  most  populous  town 

VaXcs  i  we  cannot  but  rejoice  that  this  meUl  is  one  of  the 

lie  manufactures  of  Great  Britain. 

is  metal  has  become  too  much  worn    to  answer 

mrpose  for  which  the  smith  designed  it,  it  is  Boid 

„  -acalers  in  marine  stores,'  who  assort  it  into   three 

*  s;  one  called  coach-tyre,  consisting  of  the  old  tyre  of 

n  and  other  wheels  ;  another  bushel  iron,  being  remoaois 

old  hoops,  and  different  pieces  of  iron  of  similar  nature; 

1  another  scrap  or  nut-iron,  consisting  of  old  nails,  screws, 

s,  and  pieces  of  that  description. 

These  are  sold  to  the  manufacturer  to  be  remaoufacturcd. 

process  of  retnanu/acturing  is  as  follows  ; 

!0  pieces  of  iron,  each  forming  three  sides  of  a  square,    ) 

•ncd  to  a  wootlen  bench,  about  10  or  13  inches  apart 

tne  space  between  these  two  pii'ccs  are  placed  two  rods  of 

iron,  about  three-eighths  of  an  inch  square,  one  rod  beiog 

placed  close  to  each  of  the  pieces.     On  these  rods  are  laid 

■    pieces  of  old  hoop,  previously  straightened,  and  cut  to  the 

proper  lengths  of  12  ur  14  inches,  according  to   the  iateoded 

length  of  the  faggot.     The  ends  of  the  hoop  rest  upon  the 

bottom  of  each  of  the  pieces  of  iron  first  described,  and  similar 

pieces  of  hoop  are  ranged  upon  each  side,  while  the  interior 

IS  filled  with  bushel  or  scrap  iron.     The  top  is  then  covered 

with  hoop,  and  the  whole  pressed  tightly  down,  and  bound, 

by  bringing  the  ends  of  the  three-eighths  rod  together,  and 

screwing  them  round.     This  is  termed  ^  fag  got  ^  being  about 

12  or  14  inches  long,  and  six  inches  square. 

The  laggot  is  then  carried  to  a  furnace  not  much  unlike 
the  puddling  furnace,  and  when  sufficiently  heated  is  brought 
out,  and  passed  through  the  rollers,  and  made  into  what  are 
called  blooms.  These  blooms  are  generally  about  two  feet 
long,  by  three  or  four  inches  wide,  and  two  thick.  \ 

The  blooms  are  again  exposeil  to  the  heat  in  the   furnace,     i 
and  when  at  a  proper  temperature  are  taken  out  and  passed 
through  the  rollers,  either  those  represented  in  Ag.  351,  or     I 
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those  in  fig.  352,  accordingly  as  they  are  to  be  made  into 
hoops,  or  bars.  The  hoop-rollers  are  represented  in  fig.  351 ; 
the  bar-rollers  in  fig.  352. 


Tables  of  the  average  weight  of  bars,  squares^  and  bolts, 

10 feet  m  length. 


BARS. 

Inebe*. 

C.  qr.  lb. 

Inehei. 

C.  qr.  lb. 

Inchet.         C.  qi'.  lb. 

6   X  i 

1   I   15 

3ixi 

—  3  12 

2iXi 

—  1  23 

f 

1  0  13 

i 

—  2  24 

i 

—  1   10 

i 

—  3  19 

—  28 

3 

—  11 

5ix| 

1  1     1 

1 

—  1  20 

2^X| 

—  22 

f 

1  0     6 

3JX| 

—  35 

f 

—  1   18 

—  3  10 

i 

—  2  18 

9 

—  1  14 

5   X  1 

1  0  13 

%9 

4* 

—  24 

1 

—  1     9 

f 

—  3  23 

4 
* 

f 

—  1  16 

dm 

3 
If 

—  1     0 

i 

—.3     2 

H-x^i 

—  2  27 

2    X  J 

—  1  24 

4iX| 

1  0  10 

1 

—  2  14 

5 

—  1  15 

1 

_  3  19 

i 

—  1  27 

9 
T8" 

—  1  11 

1 
* 

—  2  25 

3 

—  1   14 

i 

—  1     6 

* 

4ix| 

—  25 

3    x| 

—  2  22 

4V 

1 

—  0  26 

1  0     4 

1 

—  28 

Hxi 

—  1  20 

1 

— .  3  13 

i 

—  1  23 

f 

—  1  12 

%9 

1 

—  2  21 

3 

—  1  10 

T^ 

—  1     9 

^ 

i 

—  2  11 

2JX  3 

—  2  14 

i 

—  15 

4ix| 

—  3  25 

f 

—  22 

1 

—  0  24 

—  37 

1 

—  1  20 

Hx| 

—  1   17 

1 

•J- 

—  2  17 

—  1     7 

1 

—  1  10 

1 

—  20 

2^X1 

—  28 

tV 

—  1     5 

4X3 

—  3  19 

1 

—  1  25 

i 

—  12 

f 

—  3     1 

—  1  15 

^ 

^ 

—  0  23 

o 

—  2  12 

3 

—  1     4 

Hx^ 

—  1  11 

3 

—  1  24 

2i  x| 

—  25 

1 

9 

—  13 

—  10 
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SQUARES. 

BOLTS.        t 

iBCbH. 

i-^ 

C.    qr.    Tb. 

3 

3  3     0 

3 

S  0  IS 

SI 

a 

S  2     3 
2  1     8 

3 

1   3  22 
I   3     6 

H 

2  0  11 

^ 

1  2  17 

2 
S 

1  3  18 

1  2  24 

% 

1   I  23 
1   1  11 

3 

1  2     5 

H 

1  0  24 

2 

1   1  14 

e 

I  0     9 

1  0  25 

2 

—  3  a4 

1  0     8 

-39 

—  3  21 

-226 

—  32 

1| 

—  a  16 

—  2  21 

—  23 

—  2  11 

—  1  e4 

—  1  25 

1 

-  1  14 

—  t   15 

—  I     5 

_  1     6 

—  0  27 

1 

-  0  26 

—  0  20 

i 

—  0  19 

—  0  13 

1 

-  0  IS 

—  0  10 

-0     8 

—  07 

STEEL  MANUFACTURE. 

When  iron  has  lost  all  its  carbon,  and  has  become  malle- 
able,  it  can  be  reimpregnated  with  carbon,  to  a  certain  extent,- 
without  materially  injuring  its  malleable  properties. 

The  compound  of  iron  and  carbon  thus  produced  is  called 
sleel. 

To  reimpregnate  the  iron  with  carbon,  it  must  be  put  into 
s  close  vessel,  called  a  cementing  pot,  and  stratified  widi 
powdered  charcoal. 

The  pots  are  made  with  a  peculiar  kind  of  stone,  termed 
fire-stone,  which  is  found  abundantly  in  the  neighbourhood 
of  Sheffield.  It  possesses  the  properties  of  not  being  liable 
to  crack  by  the  heat,  or  of  entering  into  fusion.  These  pots 
in  the  interior  dimensions  are  from  10  to  15  feet  long,  and 
from  24  to  30  inches  square.  Each  bar  of  iron  is  com- 
pletely covered  with  powdered  charcoal,  and  the  last  stratum 
of  it  is  usually  made  much  thicker  than  the  rest,  and  kept 
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doee  with  a  mixture  of  sand  and  clay,  to  prevent  the  charcoal 
firom  entering  into  combustion  with  thjc  outer  air.  Two  of 
these  pots  onlj  are  contained  in  a  furnace  at  a  time,  and  fire 
is  gradually  employed  ull  the  heat  is  Uttle  short  of  what  would 
be  reqmi^d  to  nise  the  steel. 

A  teftie4  section,  snd  horizontsl  plan,  of  the  converting  funiMe  is  shovn 
Ilk  figs*  355  and  356.    In  both  fignres  the  same  letters  denote  the  same 


C  C  is  the  external  cone,  built  in  a  substantial  manner  of  stone  or  brick- 

QtC  Its  height  ftom  the  ground  to  its  Tertea[»  in  order  to  procure  a  good 
diBDgfat  of  air,  should  not  be  less  than  40  or  50  feet;  and  to  procure  a  still 
■lioiiger  heat  a  cyhndric  chimney  of  sereral  feet  in  length  is  most  generally 
flSBd  on  the  ti^  of  the  cone.  The  lower  part  of  the  cone,  which  may  be  made 
•f  snf  dimcaaioiiSy  is  built  either  square  or  octangular.  The  ndes  are  carried 
op  until  they  meet  the  cone,  giTtn^  the  furnace  the  appearance  of  a  cone  cut 
'to  s  aqoare  or  octangular  prism  at  its  base,  and  exhibiting  the  parabola  where 
0ftaey  side  hiterseets  the  cone. 

iBMde  the  conical  building  is  a  smaller  Ihmace,  called  the  vauit,  built  of 
Cvs-hiick  or  atone,  wbich  will  withstand  the  action  of  the  most  intense 
heat  D  D,  in  the  section,  is  the  dome  of  the  vault,  and  £  £  are  ita  upright 
4de%  the  space  between  which,  and  the  wall  of  the  external  buildmg,  is 
UM  with  sand  and  rubbish.  A  B  represent  the  two  pots  that  contain  the 
iBen  to  be  converted  into  steel.  Tne  n>ace  between  them  is  about  one 
Ibgt  in  width,  and  the  fire-grate  is  directly  beneath  it  The  pots  are  sup- 
perted  by  a  number  of  detached  courses  of  fircrbrick,  as  shown  at  e^  in 
1^.  S55,  which  leave  spaces  between  them,  called  flues,  to  conduct  thee 
'flsme  under  the  pots;  m  the  same  manner,  the  sides  of  the  pots  are  sup- 
ported from  the  vertical  walls  of  the  vault,  and  from  each  other,  by  a  few 
oetsched  stones^  represented  by/,  placed  so  that  they  may  intercept  as  little 
as  possible  of  the  heat  from  the  contents  of  the  pots.  The  adjacent  sides  of 
^e  pot  are  supported  from  one  another  bv  small  piers  of  stone-work,  which  are 
also  peribmted  to  pve  passage  to  the  flame.  The  bottoms  of  the  pots  are 
built  of  a  doid>le  course  of  brilbk-work,  about  six  inches  thick;  the  sides 
nwest  together  are  built  of  a  single  coarse  of  stone,  about  five  inches  in 
tlucknessi  and  the  other  parts  of  the  pot  are  single  courses  about  three  inches, 
Jke  sides  not  requiring  so  much' strength,  because  they  have  less  heat  and 
VresBure  to  resist. 

-  The  vauh  has  ten  fines,  or  short  chimneys^  FF,  rising  from  it,  two  on  each 
■de,  to  cany  off  the  smoke  into  the  great  cone,  shown  in  fig.  356,  commu- 
nicating with  each  nde,  and  two  at  each  end.  In  the  front  of  the  furnace  an 
aperture  is  made  through  the  external  building,  and  another  corresponding 
In  the  wan  of  the  vault;  these  opeiungsfonn  the  door,  at  which  a  man  enters 
the  vault  to  put  in  or  take  out  the  iron;  but  when  the  furnace  is  lighted,  these 
doors  are  closed  by  fire-bricks  luted  with  fire-clay.  £ach  pot  has  also 
small  openings  in  its  en^  through  which  the  ends  of  twof  or  three  of  the  bars 
are  left  projecting  in  such  a  manner,  that  by  on^jr  removing  one  loose  brick 
fttim  the  external  building,  the  bars  can  be  drawii  out  without  distoibing  the' 
process,  to  examine  the  progress  of  the  convernon  from  time  to  time;  these 
are  called  the  tap-holes;  Uiey  should  be  placed  in  the  centre  of  the  pots,  that 
a  fair  and  equable  judgment  may  be  formed  firom  their  result  of  the  rest  of  ita 
contents. 

a  bf  in  the  elevation,  is  the  fire-grate,  formed  of^  bars  laid  over  the  ash- 
pit 1,  which  must  have  a  free  communication  with  the  open  air,  that  it 
may  convey  a  current  of  fresh  air  to  supply  the  combustion.    The  ash-pit 
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ifur  tuniv  purposes.  Fur  iiiUuicc,  if  a  piece  of  metal  b« 
^rou^ti  tlie  ilraw-plntc,  it  will  in  piuiDK  thraugU  be  gretOj 
Ihd  on  emer^n^  will  expand  n  little  ;  but  if  it  be  itnwu 
Ute  slowly,  it  will  lose  ita  explMive  property.  Now  in  the 
-bench,  or  one  we  first  described,  the  motion  communiciteil  by 
uTOs  B  B  is  very  irrcgulai',  and  tlie  wire  i»  consequently  tumr-  j 

..11  inrougli  the  plate  witli  k  fast,  and  eolnetimcs  with  a  slow  molio*.    , 

u.^h  causes  it  to  he  of  different  degrees  of  quality!  but  in  tixing'  the  ratk    ' 
lion,  by  tncnns  of  ■  wiocli,  Uic  motion  is  regular,  itod  the  quality 

le  roller  or  windlass  is  not  employed,  but  the  pincers  arc  attaehcd 
'hich  alternately  draws  them  backwards  and  forwajtls  by  the  J 
le  watet^wlieel. 
(IK, pincers  are  so  constnieted,  tJiat  they  open  and  release  tliemsclvesfrom 
I  wire  when  they  move  towards  the  drnw-platei  but  when  drawn  frea 
>  irftw^late  close  and  bile  the  wire  with  a  force  tlial  will  draw  it  thtm^ 
plate. 

t  iDiclune  of  this  kind  is  represented  in  li|f.  3^9.     A  B  is  a  wooden  lever. 

lich  mi>vea  round  an  iron  bolt  or  pin  ^,  ai  a  centre  of  jnotion;  C  is  u 

k,  connecletl  with  tlie  upright  part  of  the  lever  A  B,   and  having  iQ 

'  farmed  like  a  rin^  to  at'itc  tlie  ends  of  the  pincers.      The  pinttn 

•I  upon  an  inclined  plntc  of  iron  i.  which  has  a  groove  to  receive 

the  pincers,  to  djrect  them  In  their  motion  tu  and  froni  the 

the  lever  is  depressed  \iiy  cogi,  affixed  to  the  asis  of  the  irtta- 
V  raws  the  wire  througli  tin:  plale;  but  when  the  cogi  quit  tlie 

CI  r,  it  a  returned  to  Its  former  poiitinn,  by  meaiti  of  a  t*tpr- 

&9.  i  end  of  D,  and  to  u  atron^r  wooden  pole,  fixed  to  tin  lop  of  lie 

lOBi  ui  M.~  Will!;,  which  acts  ai  n  -ipring-.    A*  the  lever  retuma  la  iia  place, 

thi-  ;■!'  i  ■  '  ■         ■'■'■!    iiii  '  ■■   .\  piuie,  and  inthci^ 

dt ..  .  '  '  M^li  them,  wilhout 

e\T,-  ii  of  the  lever,  the; 

cloji:  iipiiii  ilic  "  I" ,  nii'l  <'!■.'"  .■until,  1-  |>ii:t.iiii  lliroiig-ii  the  plate. 

Three  of  these  machines,  of  iliflTerent  sizes,  nre,  in  general, 
employed  in  a  wire-mill ;  the  largest  draws  two  inches  of  the 
wire  at  each  stroke,  and  makes  about  forty-eight  strokes  pet 
minute  ;  the  next  four  inches ;  and  the  third  five  inches.  This 
last  makes  about  sixty-four  strokes  per  minute.  This  mode 
of  drawing  wire  is  very  simple,  but  defective  j  for  much  time 
is  lost  in  the  returning  of  the  pincers ;  they  sometimes  fail  to 
take  hold ;  and  wherever  they  bite  they  make  deep  marks  upon 
the  wire,  which  are  not  more  than  two  inches  apart  in  the 
great  wire,  and  five  inches  in  the  smaller. 

Fine  wire  is  always  made  from  the  large  wire,  by  reducing 
it  and  lengthening  it  out  by  repeated  drawings.  The  large 
wire  is  usually  manufactured  at  the  wire-mills  in  the  countrf, 
and  sometimes  is  reduced  to  small  wire  at  the  same  establish- 
ments,  but  those  who  have  occasion  to  use  much  wire  usually 
purchase  the  large  sort,  and  reduce  it  themselves. 
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handle  turned  by  manual  labour;  E  the  draw-plate  $  and  a  a  the  pins  against 
which  it  rests.  The  wire  to  be  drawn  is  placed  upon  a  reel  D«  which  turns 
upon  a  vertical  pin.  This  reel  is  sometimes  placed  on  the  table,  and  some- 
times in  a  tub  containing  starch-water,  or  beer  that  has  become  acid.  This 
last  is  to  loose  the  oxyd  from  the  surftce  of  the  wire,  which  it  has  acquired 
in  the  process  of  annealing^.  Fig^.  361  represents  a  very  simple  and  complete 
wire-drawing  machine,  capable  of  drawing  three  wires  at  once.  A  R  are 
two  rollers  or  barrels  with  cog-wheels,  T  V,  on  the  ends  of  their  axis.  S  is 
a  pinion  which  is  turned  round  by  means  of  a  handle  B,  and  communicates 
motion  to  the  cog-wheels  T  V.  Both  these  wheels  are  fitted  upon  round 
parts  of  the  axis  of  their  respective  rollers,  so  as  to  slip  or  turn  freely  round 
with  the  same;  but  a  square  is  formed  on  the  axis  outside  of  the  wheel,  and 
a  clutch  or  catch,  i  or  o,  is  fitted  on  this  square  part,  so  as  to  turn  always 
round  with  the  axis.  The  catch  is  at  liberty  to  slide  upon  the  axis  in  the 
direction  of  its  length,  by  means  of  a  lever  W,  which  operates  upon  both 
catches  at  once.  When  either  of  them  is  pushed  back  in  contact  with  the 
wlie^l,  it  intercepts  two  studs  which  project  from  the  face  of  the  wheel,  and 
then  compels  the  axis  or  roUer  to  turn  round  with  the  wheel;  but  when  the 
.  catch  is  drawn  away  from  the  wheel,  then  the  wheel  will  slip  round  upon  its 
axis  without  communicating  any  motion.  By  means  of  ^e  lever  W,  only 
one  wheel  can  be  engaged  at  once,  and  the  other  must  be  free.  The  draw- 
plate  is  firmly  fixed  between  the  two  rollers,  and  it  has  a  great  many  holes; 
the  rollers  are  long  enough  to  receive  three  wires  at  the  same  time.  Each 
xoUer  has  a  groove  in  it  parallel  to  the  axis,  into  which  a  bar  of  metal  is  fitted, 
and  will  exactly  fill  it  up. 

When  the  wires  are  introduced  through  the  holes  in  the  plate,  the  ends 
are  laid  across  this  groove;  the  bar  is  then  put  in  and  ^tened  by  a  simple 
contrivance,  and  it  fastens  the  ends  of  the  wires  beneath  it,  so  that  they  be- 
come attached  to  the  roller;  then  by  turning  the  handle,  B,  round,  the  two 
wheels  are  put  in  motion  in  contrary  directions;  and  that  frheel  which  is 
connected  with  its  axle  by  jts  catch,  will  turn  its  barrel  round,  and  wind  up 
the  wires  so  as  to  draw  them  through  the  plate  £.  The  other  roller  being  at 
the  same  time  detached,  its  wheel  is  at  liberty  to  turn  round  in  a  contrary 
direction  to  tlie  wheel,  as  fiist  as  the  wires  are  drawn  ofi^from  it.  When  the 
whole  length  of  the  wires  has  been  drawn  through  the  plate,  thev  are  detach- 
ed from  the  roller,  the  ends  introduced  through  smaller  holes  in  the  plate,  and 
fastened  again  to  the  roller;  then  the  lever  W  is  shifted,  to  disengage  that 
wheel  which  operated  before,  and  engage  the  other.  This  being  done,  the 
rollers  will  be  turned  in  an  opposite  direction,  and  will  wind  back  the  wirei^ 
although  the  handle  B  is  turned  tlie  same  way  round. 

After  the  wire  has  been  drawn  three  or  four  times,  the  metal  becomes  so 
hard  and  fibrous  that  it  would  not  draw  any  more  without  breaking;  it  tliere- 
fore  requires  to  be  heated  in  the  fire  to  restore  its  ductility;  for  this  purpose 
it  must  be  taken  off  the  barrels.  A  roller,  M,  is  provided  to  wind  the  wire 
upon  and  draw  it  off  from  the  barrel;  this  roller  is  turned  round  by  a  handle, 
m,  fixed  on  the  extremity  of  its  axis;  and  the  wire  which  is  wound  upon  it  in 
a  coil  is  slipped  off  sideways.  This  machine  is  well  adapted  to  be  worked  by 
a  mill,  because  the  handle  may  always  be  turned  in  the  same  way. 

Fig.  362  represents  a  machine  that  is  used  for  reducing  the  wire  to  be 
employed  in  the  manufacture  of  musical  instruments,  or  in  making  cards  for 
wool  and  cotton.  A  A  A  A  are  conical  rollers,  called  blocks,  each  having 
a  bush,  through  which  passes  a  vertical  spindle.  These  spindles  are  con- 
nected with  wheel-work,  situated  beneath  the  bench,  and  being  round  are 
capable  of  revolving  without  communicating  motion  to  tlic  rollers.  When  the 
'  *  roUers  are  remiired  to  be  engaged,  they  are  lifted  up  from  the  bench,  till  two 
#  knolMs  fixed  inUie  hollow  part  of  each,  come  in  contact  with  a  cross-bar  fixed 
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en  titt  top  of  euh  spindle,  which  immediitclr  camci  them  round.  -So  lonj 
w  »n}-  wire*  »rt  lupplied  by  the  reeU  E  E  E  K,  the  stress  of  the  wir«s  puun( 
through  the  dnw-plates  will  hold  the  roU«n  ftnil  tpindles  clatped  toffethct, 
but  u  toon  HI  the  whole  of  the  wires  have  paued  through  the  drsw-pUlM 
the  rollers  will  I  ecoiiic  di»enf»|red.  and  fall  iipoo  the  bench-  The  tub*  in 
which  thr  reels  ire  placed  ronUin  s<alc-beer  grouodi,  or  iturcb-wtter,  for  thi 
purpose  which  we  have  alreadj'  noticed. 

The  French  draw-plates  are  the  most  esteemed,  and,  ia 
time  of  war,  a  good  French  draw-plate  has  been  sold  (or  its 
weight  in  silver.  M.  Du  Hamel,  in  Les  Arts  et  Afetiers,  vol. 
XV.  gives  the  foUowing  account  of  the  process  of  making  the 
draw-plaicB  for  the  large  iron-wire. 

A  band  of  iron  is  forged  of  two  inches  broad  and  one  inch 
thick.  This  ia  prepared  at  the  great  forge.  About  a  foot  in 
length  is  cut  oS',  and  heated  to  redness  in  a  fire  of  charcoal- 
It  is  then  beaten  on  one  side  with  a  hammer,  so  as  to  work 
all  the  surface  into  furrows  or  grooves,  in  order  that  it  atty 
retain  the  substance  called  the  potin,  which  is  to  be  welded 
upon  one  side  of  the  iron,  to  form  the  hard  matter  on  which 
the  holes  are  to  be  pierced.  This  potin  is  nothing  but  frag- 
ments of  old  cast-iron  pots;  but  those  pots  which  have  been 
worn  out  by  the  continued  action  of  the  fire  are  not  good ;  the 
fragments  of  a  new  put  which  has  not  been  in  the  &re  ore 
better. 

The  workman  breaks  these  pieces  of  pots  on  his  anvil,  and 
mixes  the  pieces  with  charcoal  of  white  wood.  He  puts  this 
in  the  forge,  and  heats  it  till  it  is  melted  into  a  sort  of  paste; 
and  to  purify  it  he  repeats  the  fusion  ten  or  twelve  times,  and 
each  time  he  takes  it  with  the  tongs  to  dtp  it  in  water.  M. 
Du  Hamel  says,  this  is  to  render  the  matter  more  easy  to 
break  into  pieces. 

By  these  repeated  fusions  with  charcoal,  the  cast-iron  is 
changed,  and  its  qualities  approach  those  of  steel,  but  far 
from  becoming  brittle,  it  will  yield  to  the  blows  of  the  ham- 
mer and  to  the  punch,  which  is  used  to  enlarge  the  hotel. 
The  bar  of  iron  which  is  to  make  the  draw-plate  is  covered 
with  a  layer  of  pieces  of  the  potin,  or  cast-iron  thus  prepared- 
It  is  applied  on  the  side  which  Is  furrowed, and  should  occupy 
about  half  an  inch  in  thickness.  The  whole  is  then  wrapped 
up  in  a  coarse  cloth,  which  has  been  dipped  in  clay  and  water, 
mixed  up  as  thick  as  cream,  and  is  put  into  the  forge.  The 
potin  is  more  fusible  than  the  forged  iron,  so  that  it  will  melt. 
I'he  plate  is  withdrawn  from  the  lire  occasionally  and  ham- 
mered  ver)'  gently  upon  the  potin,  to  weld  and  in  some  mea- 
sure amalgamate  it  with  the  iron,  which   cannot' be   done  at 
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once ;  but  it  must  be  repeatedly  heated,  and  worked  until  the 
potin  fixes  to  the  iron.  The  workman  then  throws  dry  pow- 
dered clay  upon  it,  in  order,  they  say,  to  soften  the  potin. 

The  union  being  complete,  the  plate  is  again  heated,  and 
forged  by  two  workmen,  who  draw  out  the  plate  of  one  foot 
to  a  length  of  two  feet,  and  give  it  the  form  it  is  to  have.  It 
is  well  known  that  cast-iron  cannot  "be  worked  at  the  forge 
without  breaking  under  the  hammer ;  but  in  the  present  in- 
stance, it  is  alloyed  with  the  iron-bar,  and  is  drawn  out  with 
it.  It  has  also  acquired  new  properties  by  the  repeated  fusions 
with  charcoal. 

The  holes  are  next  pierced  whilst  the  plate  is  hot.  This  is 
done  with  a  well-pointed  punch  of  German  steel,  applied  on 
that  side  of  the  plate  which  is  the  iron-bar.  It  requires  four 
heats  in  the  fire  to  punch  the  holes,  and  every  turn  a  finer 
punch  is -employed,  so  as  to  make  a  taper  hole.  The  makers 
of  draw-plates  do  not  pierce  the  holes  quite  through,  but 
leave  it  to  the  wire-drawers  to  do  it  themselves  when  the 

Elate  is  cold,  with  sharp  punches,  and  then  they  open  the 
ole  to  the  size  they  desire  ;  and  although  this  potin  is  of  a 
very  hard  substance,  the  size  of  the  hole  may  be  reduced  by 
gentle  blows  with  a  hard  hammer,  on  the  flat  surface  of  the 
plate  round  the  hole. 

A  great  many  holes  are  made  in  the  same  plate ;  and  it  is 
important  that  they  should  diminish  in  size  by  very  imper- 
ceptible gradations ;  so  that  the  workman  can  always  choose 
a  hole  suitable  for  the  wire  he  is  to  draw,  without  being 
obliged  to  reduce  it  too  much  at  once. 

To  ascertain  the  size  of  the  wire,  three  kinds  of  gauges  are 
used.  The  one  is  made  of  a  piece  of  wire  bent  in  zigzag, 
with  a  space  of  a  different  width  between  every  bend ;  another 
is  made  of  a  steel-plate  with  notches  on  the  edge ;  and  the 
other,  which  is  the  most  accurate,  consists  of  two  straight 
rules  of  steel  put  together  at  an  angle.  The  diameter  of  the 
wire  in  this  last  is  indicated  by  the  depth  to  which  it  will  en- 
ter into  the  angle ;  the  edges  of  the  rules  are  divided  into  equal 
parts  for  that  purpose,  and  numbered,  to  correspond  with  the 
different  sizes  of  the  wire. 

The  wire  manufactory  of  Messrs.  Mouchel,  situated  at 
L^Aigle,  in  the  department  of  L'Orne,  is  one  of  the  most 
considerable  in  France.  It  furnishes  annually  in  cards  for 
wool-combing  only,  100,000  quintals  of  iron  wire,  each  100 
lbs.  A  part  of  this  is  consumed  in  France,  and  the  rest  is  ex- 
ported to  Spain^  Italy,  Portugal,  and  even  to  the  shores  of  the 
Lciraiit. 
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They  employ  the  iron  manufactured  in  the  departments  of 
L'Orne  and  La  Haute  Soane,  as  being  of  the  best  quality. 
I'he  first  produces  the  best  wire  for  malting  screws,  nails, and 
pinft,  as  much  on  account  of  its  hardness  as  its  line  polish, 
which  resembles  stec-t-wire.  In  this  respect,  it  is  superior  to 
(he  iron  of  Haute  Suane .  but  from  its  ductility  the  latter  caa 
BOW  be  made  cxtrcmcly'fine,  and  it  appears  to  be  most  free 
from  hctcrogcneuus  particles. 

The  smelted  iron,  prepared  and  hammered,  being  in  a  state 
nearly  fit  for  their  purpose,  is  transported  at  a  small  cxpeme 
to  L'Aiglc,  by  the  rivers  and  canals.  They  have  a  forge  l» 
reduce  the  steel  and  iron  of  Normandy, which  arrives  in  large 
pieces,  into  small  and  regular  bars. 

When  the  iron  is  formed  into  an  irregular  bar  of  about  a 
centimetre,  near  four-tenths  of  an  inch  in  diameter,  they  be- 
gin to  draw  itinio  wire.  Although  it  be  already  much  extend* 
ed  by  hammering,  it  is  in  the  first  place  passed  four  times 
through  the  drawing-plate;  then  its  molecules  become  dis- 
posed lengthways,  and  exhibit  fibres  at  their  utmost  extension. 
The  fibres  must  be  removed  by  means  of  heal,  which  disperses 
and  divides  them  ;  and  after  that  the  wire  may  again  be  re- 
duced three  numbers.  The  fibres  which  are  reproduced  by 
this  operation  are  again  removed  by  heat-  The  whole  pro- 
cess is  five  limes  repeated,  consequently  the  wire  is  passed 
through  fifiten  number?-,  after  which,  a  single  exposure  to 
the  fire  is  sufTiricnt  to  fit  i[  for  passing  six  others,  whereby  it 
is  reduced  to  the  thickness  ol  a  knitiiog-needle. 

The  steel-wire,  being  much  harder,  requires  to  be  passed 
through  forty-four  numbers,  and  to  be  annealed  every  other 
time. 

The  machine  which  draws  the  steel-wire,  must  go  slower 
than  that  which  draws  the  iron;  for  the  first  being  very  hard, 
and  otTering  more  resistance  to  the  drawing-pLate,  should  be 
pulled  out  with  more  care,  since  the  quickness  ought  to  be 
proportioned  to  the  resistance,  and  reciprocally;  and  if  they 
depart  from  this  principle  the  results  will  vary.  Thus,  for  ex- 
ample, the  iron  of  the  clepariment  of  L'Orne,  which  is  more 
compact  than  that  produced  at  Haute  Soane,  if  drawn  by  the 
same  machines,  augments  to  hardness,  and  is  weakened  when 
it  is  brought  to  too  great  a  degree  of  fineness.  But  this  iroo, 
which  is  very  hard,  and  capable  of  receiving  a  very  high  po- 
lish, is  to  be  preferred  for  certain  usts. 

In  order  to  anneal  the  wire,  they  formerly  employed  a 
large  and  elevated  furnace,  with  bars  of  cast-iron  to  support 
the  wire   in  the   middle   of  the   flames.     It   contains  7O00 
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pounds  weight,  so  contrived  as  to  contain  equal  portions  of 
each  number.  They  are  so  arranged  that  the  thickest  wires 
receive  the  strongest  heat ;  therefore,  the  whole  is  equally 
heated  in  the  same  space  of  time. 

The  operation  lasts  three  hours  with  a  fire  well  kept  up, 
and  it  might  be  imagined  that  this  apparatus  was  completely 
adapted  to  the  purpose  ;  but  there  are  imperfections  in  this 
method,  because  it  leaves  the  wire  exposed  to  the  contact  of 
the  atmospheric  air,  the  oxygen  of  which  it  seizes  with  ex- 
treme avidity  ;  whence  a  considerable  quantity  of  oxyd  is 
occasioned,  and  also  an  operation  to  free  it  from  the  scales, 
which  consists  of  beating  the  bundles  of  wire  with  a  wooden 
hammer  wetted  with  water. 

Notwithstanding  this  precaution,  there  often  remains  a 
portion  of  oxyd  adhering  to  the  surface  of  the  metal,  which 
streaks  the  draw-plate,  or  fixes  on  the  wire,  and  gives  it  a 
tarnished  appearance,  and  causes  it  to  break  when  it  is  brought 
to.  a  great  degree  of  fineness.  This  furnace  is  only  used  for 
the  steel-wire,  or  the  iron  from  L'Orne,  which  is  less  liable 
to  change ;  and  besides,  being  harder,  is  not  easily  attacked 
by  the  oxygen. 

In  order  to  diminish  the  waste  that  the  fire  occasions,  thev 
have  contrived  another  process,  which  consists  in  dipping  the 
bundles  of  wire  into  a  basin  of  wet  clay  before  they  put  them 
into  the  furnace  ;  and  they  are  left  in  the  furnace  to  dry 
before  the  fire  is  lighted,  without  which  precaution  the  clay 
would  peel  oflf  from  the  iron. 

For  making  wire  for  cards,  M.  Mouchel  invented  another 
furnace.  It  is  round,  and  about  one  metre  six  decimetres 
in  diameter,  and  one  metre  eight  decimetres  in  height,  without 
including  its  parabolic  arch,  and  the  chimney  above  it.  The 
interior  is  divided  by  horizontal  grates  into  three  stories  ;  the 
lowest  receives  the  cinders,  the  second  is  the  fire-place,  and 
into  the  third,  or  upper  place,  they  slide  a  roleau  of  wire, 
weighing  150  kilogrammes,  which  is  enclosed  in  a  space 
comprised  between  two  cast-iron  cylinders,  being  luted  to 
prevent  the  admission  of  air  between  them.  The  flames 
circulate  about  the  outside  of  the  first,  and  within  the  interior 
of  the  second,  which  defends  the  wire  from  atmospheric  air. 
The  diameter  of  the  largest  cylinder  is  about  one  metre  four 
decimetres;  that  of  the  second  one  metre;  thus  the  space 
comprised  between  them  is  two  decimetres,  on  an  elevation 
of  five  decimetres.  There  must  be  several  pair  of  cylinders 
,  provided,  because  whilst  one  pair  is  in  the  furnace,  another 
mast  be  prepared  to  rcceiw  a  fresh  roleau  of  wire ;  they  are 
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changed  every  hour  by  means  of  a  long  iron  lever*  with  which 
a  single  man  can  easily  push  them  in,  and  dra^  them  out 
again,  as  the  cylinder  slides  dq  cast-iron  rails. 

They  are  very  careful  not  to  open  the  cylinders  imme- 
diately on  their  being  drawn  out  of  the  fire  ;  for  the  roleaai 
of  wire  contained  in  them,  being  still  red  would  oxydatt 
quite  as  much  as  if  they  had  been  heated  in  the  midst  of  tbe 
flames  without  the  least  precaution. 

The  opening  contrived  for  the  passage  is  on  the  side,  ud 
has  a  door  of  cast-iron,  with  a  groove  which  winds  round  the 
furnace;  the  fire-place  has  one  something  similar  to  it;  that 
of  the  ash-hole  ia  vertical,  in  order  that  it  may  be  raised  to 
increase  the  fire  at  will- 
When  the  iron>wire  is  reduced  to  the  thickness  of  a  knitting- 
needle,itis  made  up  into  bundles  of  125  kilogrammes,  (275  lbs) 
each,  into  a  large  iron  vessel,  in  order  to  anneal  it  sufficientlf 
to  be  reduced  for  the  last  time.  This  vessel  is  placed  upside- 
down  in  the  middle  of  a  round  furnace,  which  is  so  coi^ 
structed  as  to  sustain  burning  coals  all  round  it,  and  of  which 
it  consumes  35  kilogrammes,  (77  lbs.)  before  the  operation  is 
completed.  I'he  cover  must  be  carefully  luted,  as  the  slig^teit 
admission  of  air  is  sufficient  to  burn  the  external  surfaces  of 
the  wire  to  an  cwyd,  which  cannot  afterwards  be  reduced. 

When  one  of  these  vessels  is  sufficiently  heated,  it  is  filled 
with  water  containing  three  kilogrammes,  (six  pounds  and 
a  li-.ilf.)  of  tartar,  and  suspended  over  tho  flames  of  the  furnace 
w  make  it  boil ;  this  solution,  without  nttackiiig  the  metal, 
frets  it  from  the  grtase  and  the  little  oxyd  that  adheres  to  it. 
'I'his  is  the  last  operation  in  which  tin-  wire  is  exposed  to  the 
lire,  and  it  is  then  iti  the  proper  state  for  being  reduced  to 
the  utmost  degree  of  tincness  it  is  capable  ot  sustaining,  and 
will  jireserve  enoiiijh  of  the  effect  of  the  nnnealiiig  to  require 
it  no  more  ;  but  when  the  natural  hardness  of  the  iron  varies, 
this,  last  iX|)osurc  to  the  fire  should  take  place  in  proportion 
to  its  thickness.  As  steel  loses  its  capacity  of  extension  much 
sooner  than  iron,  it  is  annealed  until  it  is  nu  thicker  than  a 
hcwiiig-neeiile.  The  space  which  is  left  in  the  vessel  is  filled 
up  with  charcoal-dust,  which  prevents  it  from  losing  the 
quality  of  steel,  and  preserves  the  heat  long  enough  to  give 
it  the  proper  degree  of  pliancy. 

As  Messrs.  Mouchel  always  use  iron  and  steel  at  the  same 
manufactory,  they  have  been  able  to  reduce  their  operations 
to  a  general  system  ;  and  to  attain  this  end,  have  determined 
a  graduated  btalc.by  which  the  wire  will  not  be  more  stretched 
g-platc  in  one  number  or  size  than  another^ 
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The  following  is  the  method  they  contrived,  in  order  to  form 
this  scale  for  the  iron-wire: — They  take  a  certain  quantity  of 
various  thicknesses,  which  has  been  drawn  as  fine  as  the  iron 
would  bear;  the  smallest  size  is  100,000  metres,  (109,333 
yards,)  in  length  to  the  kilogramme,  2.2  pounds  avoirdupois ; 
they  note  the  weight  that  each  might  be  capable  of  support- 
ing without  breaking;  this  being  expressed  by  figures,  it  is 
easy,  by  a  few  interpolations,  to  express  them  in  a  progressive 
form.     This  kind  of  scale  has  been  partly  formed  by  com- 

f taring  the  weight  of  the  different  sizes  with  equal  lengths, 
rom  which  gauges  or  calibres  may  be  made  for  the  use  of 
the  workman.  These  gauges  are  certain  guides,  which  they 
cannot  mistake,  except  through  great  carelessness.  If  they 
had  not  these  gauges,  they  would  often  pass  the  wire  through 
holes  in  the  drawing-plates,  that  are  too  large  for  it,  whence 
it  does  not  acquire  the  strength  it  should  have  in  proportion 
to  its  thickness,  and  loses  its  hardness ;  they  might  also  pass 
it  through  holes  that  were  too  small,  which  would  weaken  it, 
and  render  it  very  brittle.  In  the  latter  case,  it  frequently 
happens  that  the  steel  of  the  drawing-plate,  being  unable 
to  sustain  the  force  to  which  it  is  exposed,  will  g^ve  way, 
as  if  the  plate  were  too  soft ;  and  the  wire  will  be  brittle 
mt  the  beginning,  and  soft  and  too  thick  at  the  other  extre- 
mity. 

The  greatest  part  of  the  fine  wire  at  Messrs.  Mouchel's 
manufactory  is  drawn  by  workmen  who  are  dispersed  about 
the  country;  but  they  have  also  a  machine  which  moves 
twenty-four  bobbins  in  a  horizontal  direction,  which  only  re- 
quires the  workmen  to  look  after  it.  It  is  upon  the  bobbins 
that  the  wire  is  reduced  to  the  different  degrees  of  thinness 
desired;  therefore  this  is  the  last  operation  in  the  art  of 
making  iron  and  steel-wire,  although  it  has  all  requisite  qua- 
lities given  to  it  in  the  workshop  of  the  wire-drawer. 

Wire  is  still  incapable  of  being  made  into  needles  and  card- 
ing-hool^s  until  it  has  undergone  another  operation  for  dress- 
ing and  straightening  the  wire,. by  which  it  is  made  to  lose 
die  bend  or  curve  that  it  acquires  on  the  bobbins. 

This  work  consists  in  drawing  the  wire  between  pins  fixed 

M-a  piece  of  wood,  and  which  act  to  bend  the  wire,  first  in 

€^e  direction  and  then  in  the  opposite,  in  a  waving  line,  of 

.  vlfich' the, waves  are  at  first  larger,  but  decrease  gradually, 

*  tha  last  bend  of  wHich  tends  to  force  the  wire  into  a 

'Hoe.    The  dresser  is  obliged  constantly  to  adjust  the 

tag  or  raifei       hem  with  strokes  of  the  hammer. 

ijjqjtl  ies,  the  pins  must  be  at  different 
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i  "-d  distances.     This  requires  a  workman  of  iDtel- 

;ence,  and  address. 

.ii)jciiious  instrument  is  ddw  appropriated  to  this  ope- 

raiion,  and  removes  all  difficulty.     Six  liulc  puppets  of  very 

d  stctl  are  substituted  for  the  nails  of  the  ordinary  insiru- 

it,  and  are  fixed  on  parallel  bars  of  metal,  ao  jointed  togc- 

iiier  that  the  movement  of  them  all  will  be  parallel,  and  the 

ouppets  arc  widened  or  brought  nearer  together  by  screws; 

;  wire    is  drawn  between   these    puppets    in   a  zigzag  or 

ving  line,  and  the  repeated  flexures  break  the  sinuosities  of 

„.j  wire.     There  is  a  conductor  of  the  wire  to  the  puppets, 

and  another  conductor  which  serves  to  prevent  the  wire  from 

being  shaken.     There  are  slight  grooves  at  the  extremity  of 

the  puppets,  to  give  a  passage  to  the  wire.  A  scale  sustained 

b\  a  screw  indicates  the  distance  at  which  the  puppets  should 

be  placed  from  each  other,  to  straighten  each  size  of  wirej 

this  forms  nearly  an  invariable  rule,  and  the  dresser  saves  > 

third  of  the  time  which  is  employed  in  regulating  the  pins  of 

the  instrument  formerly  used.     There  is  nothing  more  lo  be 

done  but  to  draw  out  the  wire  by  means  of  a  wheel,  on  which 

he  reels  it,  and  then  form  it  into  bundles  to  be  delivered  to 

The  steel-wire  of  France  is  proper  for  many  purposes.  It 
is  brought  from  Messrs.  IMouchel  for  making  knitting-needles 
in  the  English  fashion,  shoemakers' needles,  and  other  similar 
articles  ;  it  may  be  also  used  for  needles  of  all  sizea,  and  evea 
for  cards  for  wool-combing ;  but  as  this  steel  is  much  more 
expensive  than  the  tron-wirc,  it  is  very  seldom  used  for  the 
latter  purpose. 

The  method  of  pre[)aTing  the  draw-plates  is  described  b>- 
Mcssrs.  Mouchel,  and  is  different  from  that  before  described' 

For  miking  wire  Tor  cards,  two  corta  of  dnwing'-plates  ire  used,  lu^ 
and  small  onts;  the  first,  for  the  sort  of  wire  that  we  liave  been  dcKribinr, 
is  drawn  with  the  pincers,  aa  dg,  359,  and  wilti  the  bobbin  or  roller,  wlach 
ii  a  cylinder,  aclaptEd  lo  the  rhIs  turned  by  tlie  water-mill,  and  ii  used  ib 
preference,  to  avoid  ttie  marks  made  on  the  wire  by  the  pincerB;  the  (mail 
drawing.plates  are  used  for  such  wire  as  may  be  drawn  by  band.  The  fted 
which  they  employ  for  these  drawing -plates  should  never  vary  in  quftli^, 
except  that  the  smallest  pieces  are  made  of  the  finest  steel-  Several  piecM 
«f  iron  are  disposed  In  the  furnace  in  llie  foi'm  of  a  box  without  a  Ud,  Uicit 
weight  being  according  to  the  use  for  which  they  are  intended  to  be  nude. 
The  workman  fills  each  of  these  boxes  with  caat-stcel,  and  baviogf  covered 
it  over  with  a  luting  of  cla^,  it  is  exposed  to  a  tierce  fire  until  the  iteel  be 
melted.  Hii  art  consists  in  seizing  the  proper  moment  to  witbdrsw  tlte 
plate  from  the  6re;  he  raises  the  luting,  and  blows  on  it  through  a  tube,  ia 
order  to  drive  oft'  all  heterogeneous  parts,  and  then  amalgamates  it  with  the 
iron  by  Lf^ht  blows;  after  it  is  cool,  he  replaces  it  at  the  fire,  whera  the 
fusion  sfam  tskcs  place,  but  to  a  less  de^e  than  before  t  he  afterrads 
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workf  the  gteel  with  light  blows  of  the  hammer,  to  purify  and  aolder  it  with 
the  iron.  This  operation  is  repeated  from  seven  to  ten  times,  according  to 
its  quality,  which  renders  it  more  or  less  difficult  to  manage.  During  this 
process,  a  crust  forms  on  the  steel,  which  is  detached  fh>m  it  the  fifth  time  of 
its  exposure  to  the  fire,  because  this  crust  is  composed  of  an  oxydated  steel 
of  an  inferior  quality.  It  sometimes  happens  that  two,  and  even  three,  of  these 
crusts  are  formed  of  about  two  millimetres,  or  onc-sixteeuth  of  an  inch,  in 
thickness,  which  must  also  be  removed. 

After  all  these  different  fusions,  the  plate  is  beaten  by  a  ham* 
ner  wetted  with  water,  and  the  proper  length,  breadth,  and 
thickness  are  given  to  it.  When  tnus  prepared,  the  plates  are 
heated  again,  in  order  to  be  pierced  with  holes  by  punches  of 
a  conical  form ;  the  operation  is  repeated  five  or  six  times,  and 
the  punches  used  eacn  time  are  progressively  smaller.  It  is 
of  importance  that  the  plate  never  be  heated  beyond  a  cherry-f 
red,  because  if  it  receives  a  higher  degree  of  heat,  the  steel 
undergoes  an  unfavourable  change.  The  plates,  when  finished, 
present  a  very  hard  material,  which  nevertheless  will  yield  to 
the  strokes  of  the  punches  and  hammer,  which  they  require 
when  the  holes  become  too  much  enlarged  by  the  frequent 
passing  of  the  wire  through  them. 

When  the  plates  have  been  repaired  several  times,  they  ac- 
quire a  degree  of  hardness  which  renders  it  necessary  to  an- 
neal tbern,  especially  when  they  pass  from  one  size  to  another; 
sometimes  they  do  not  acquire  the  proper  quality  until  they 
have  been  annealed  several  times.  Notwithstanding  all  the  pre* 
cautions  which  are  taken  in  preparing  the  plates,  the  steel  still 
varies  a  little  in  hardness,  and  according  to  this  variation  they 
should  be  employed  for  drawing  either  steel  or  iron-wire;  and 
if  the  workman  who  proves  them  finds  that  they  are  too  soft 
for  either  the  steel  or  iron,  they  are  put  aside,  to  be  used  by 
the  brass-wire  drawers. 

A  plate  that  is  best  adapted  for  drawing  of  steel-wire  is 
often  unfit  for  the  iron;  for  the  long  pieces  of  this  latter  metal 
will  become  smaller  at  the  extremity  than  at  the  beginning, 
because  the  wire,  as  it  is  drawn  through  the  plate,  is  insen^ 
sibly  heated,  and  the  adhering  parts  are  swelled,  consequently 
pressed  and  reduced  in  size  towards  the  latter  end.  The  plates 
that  are  fit  for  brass  are  often  too  soft  for  iron,  and  the  effect 
resulting  is  the  reverse  of  that  produced  by  a  plate  that  is  too 
hard. 

The  smallest  plates  which  Messrs.  Mouchel  use  are  at  the 

least  two  centimetres,  or  eight-tenths  of  an  inch  in  thickness, 

so  that  the  holes  can  be  made  sufficiently  deep ;   for  when 

they. are  of  a  less  thickness,  they  will  seize  the  wire  too  sud- 

^iiilyi  and  injure  it. 
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ThU  tnconv<ninice  i»  much  felt  in  manu factories  whert 
they  continue  la  use  the  plates  for  too  long  a  time,  as  they 
become  exceedingly  thin  after  frequent  repairs.  Ooe  o( 
Messrs.  Mouchel's  large  plates  reduces  l,40O  kilogramine*, 
{3,080  lbs.  avoirdupois,)  from  the  largest  size  of  wire  to  N^B, 
which  is  of  the  thictnesa  of  a  knitting-needle;  400  kilo- 
grammes, (880  11)3.)  of  thift  number  arc  afterwards  rednced  in 
one  single  small  plate  to  N°  24,  which  is  carding-wire  ;*  and 
to  finish  them,  thej-  are  passed  through  twelve  times  succes- 
sively. 

Wires  are  frequently  drawn  so  fine  as  (o  be  wrought  along 
witli  other  threads  of  silk,  wool,  or  hemp;  and  thus  ibey 
become  a  considerable  article  in  the  manufactures. 

Dr.  Wollasion,  in  1813,  communicated  to  the  HoyalSocicIy 
the  result  of  hJa  experiments  in  drawing  wire.  Having  re- 
quired tome  fine  wire  for  telescopes,  and  remembering  that 
Muschenbroeck  mentioned  wire  SOU  feet  of  which  weighed  vitW 
a  single  grain,  he  determined  to  try  the  experiment,  ahhougn 
DO  method  of  making  such  fine  wire  had  ever  yet  been  pub- 
lished. With  this  view,  he  took  a  rod  of  silver,  drilled  a  holt 
through  it  only  onc-tenih  its  diameter,  filled  thin  hole  with 
gold,  and  succeeded  in  drawing  it  into  wire  till  it  did  not  ex- 
ceed the  three  or  four  thousandth  part  of  an  inch,  and  could 
have  thus  drawn  it  to  the  greatest  fineness  perceptible  by  the 
senses.  Drillinj^  the  silver  he  found  very  troublesome,  and 
determined  to  try  to  draw  platina-wire,  as  that  metal  would 
bear  the  silv.er  to  be  cast  round  it.  In  this  he  succeeded  with 
greater  ease,  drew  the  platina  to  any  fineness,  and  plunged 
3ic  silver  in  heated  nitric-acid,  which  dissolved  it,  and  left 
the  gold  or  platina  wire  perfect. 


LEAD  MANUFACTURE. 

Lead  ore  is  found  in  most  parts  of  the  world.  Id  Britain 
the  principal  le»d-mines  are  situated  in  Cornwall,  Devonshire, 
and  Somersetshire;  in  Derbyshire,  Durham,  Lancashire, Cum- 
berland, and  Westmoreland  ;  in  Shropshire,  Flintshire,  Den- 
bighshire, Merionethshire,  and  Montgomeryshire;  at  the  lead- 
hills  in  Scotland,  on  the  borders  of  Dumfrieshire  and  Lanark- 
shire, in  Ayrshire,  and  at  Sirtiniian  in  Argyleshire. 

The  smelting  of  the  ore  is  performed  by  either  a  blast- 
furnace, called  an  ore-hearth,  or  a  re verberatory -furnace. 
Id  the  former  method,  the  ore  and  fuel  are  nixed  togedieti 
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ftnd  exposed  to  the  action  of  tbe  blast,  which  quickly  fuses 
the  metal,  and  causes  it  to  fall  into  the  lower  part  of  the 
hearth,  where  it  is  protected  from  the  oxygen  of  the  blast  by 
the  scoriai  that  floats  upon  its  surface. 

When  the  fluid  lead  is  tapped,  or  drawn  off,  a  sufficient 
quantity  of  it  is  left  in  the  furnace  to  float  the  liquid  scoria ; 
but  when  the  whole  of  the  lead  is  to  be  drawn  off,  the  blast 
is  stopped,  and  some  lime  is  thrown  into  the  furnace  to  con* 
Crete  the  scoria,  while  the  lead  is  run  out. 

In  smelting  by  the  reverberatory-furnace,  which  is  un* 
doubtedly  the  best  in  places  where  there  is  an  ample  supply 
of  coal,  the  fire  is  made  at  one  end,  and  the  flame  passes  over 
the  hearth,  and  enters  into  an  oblique  chimney,  which  ter« 
minates  in  a  perpendicular  one,  called  a  stack,  of  considerablo 
height.  The  length  of  the  hearth,  from  the  place  where  the 
fire  enters  to  the  chimney,  is  about  eleven  feet,  two  of  which 
constitute  the  throat  of  the  furnace ;  the  remainder  forms  a 
concave  surface,  four  and  a  half  feet  wide  at  the  throat  of  the* 
furnace,  seven  feet  four  inches  at  the  distance  of  two  feet  from 
the  throat,  seven  feet  two  inches  in  the  middle  of  the  hearth, 
five  feet  eleven  inches  at  two  feet  distance  from  the  chimney, 
and  two  feet  ten  inches  where  the  flame  enters  the  chimney 
at  two  apertures,  each  ten  inches  square ;  the  throat  of  the 
furnace  is  two  feet  long,  four  feet  wide,  and  six  inches  deep; 
the  length  of  the  fire-place  four  feet,  equal  to  the  width  of 
the  throat ;  its  width  two  feet,  and  depth  three  feet,  from  the 
grate  up  to  the  throat  of  the  furnace ;  the  section  of  the 
oblique  chimney  is  sixteen' inches  square,  and  of  the  perpen* 
dicular  twenty  inches,  supposing  a  straight  horizontal  line 
drawn  from  the  lower  plane  of  the  throat  of  the  chimney  to 
the  opposite  side  of  the  furnace ;  the  lower  part  of  the  con* 
cave  hearth,  which  is  in  the  middle  of  this  cavity,  is  nineteen 
inches  below  this  line,  the  roof  of  the  furnace  being  seventeen 
inches  above  the  same  line  ;  the  rest  of  the  hearth  is  conform- 
ably concave. 

The  furnace  on  one  side  has  three  openings,  about  ten 
inches  square,  at  equal  distances  from  each  other,  and  pro- 
vided with  iron  doors,  which  can  be  removed  as  occasion  may 
require.  Besides  these  apertures,  which  are  for  the  purpose 
of  raking  and  stirring  the  ore,  &c.  and  consequently,  upon  a 
level  with  the  horizontal  line  above  alluded  to,  there  are  two 
others  of  smaller  dimensions,  the  one  to  tap  the  liquid  lead, 
the  other  the  scoria.  The  ore  is  introduced  b^  a  vessel  in 
the  shape  of  a  hopper  placed  in  the  roof  of  the  Uimace. 

Tbe  ores  of  lead,  similarly  to  those  of  iron  and  most  other 
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metals,  are  combined  with  various  kinds  of  earthy  mtvas, 
which  require  them  to  be  well  pounded  before  they  are  iimtj 
duced  into  the  reverberatory  or  smelting  furnace.  Th(  poua^ 
ing  is  sometimes  performed  by  women  using  hammers,  oi 
sometimes  the  ores  are  pounded  or  crushed  by  causing  du 
to  pass  through  iron  rollers  loaded  with  great  weights.  Ate 
the  ores  have  been  pounded  or  crushed,  the  earthy  matter  ■. 
separated  by  washing. 

The  powder  to  be  washed  is  put  into  a  riddle  or  sieve,  arf 
placed  in  a  large  tub  full  of  water ;  when,  by  a  cenain  as* 
tion,  the  lighter  or  earthy  parts  are  separated  and  thron 
over  the  edge  of  the  riddle,  while  the  metal,  which,  as  n 
have  before  stated,  is  always  considerablv  heavier  than  h 
accompanying  ingredients,  is  retained.  There  are  some  ia* 
purities,  however,  which  cannot  be  separated  by  this  proeeab 
consisting  principally  of  biind^  or  black-jack^  called  mock  CR| 
and  pyrites,  or  sulphuret  of  iron,  named  Brazil. 

In  the  process  of  smelting,  the  ore  is  spread  upon  the  cot* 
cave  hearth,  so  that  the  flame  may  act  upon  it«  and  reksie 
the  sulphur.  When  the  sulphur  has  escaped,  the  lead  ONI" 
bines  with  oxygen,  and  the  oxyd  of  lead,  thus  formed,  coa- 
bines  with  and  reduces  the  earthy  matter  to  a  liquid,  which 
floats  upon  the  surface  of  the  metal,  and  for  the  remainder  of 
the  operation,  protects  it  from  the  action  of  the  oxygen.  The 
temperature  of  the  furnace  is  now  considerably  raised  to 
separate  as  quickly  as  possible  the  lead  from  the  liquid  scoria; 
after  which  a  considerable  portion  of  the  scoria  is  tapped  ot 
leaving  only  so  much  behind  as  is  necessary  to  protect  the 
metal  from  the  action  of  the  oxygen.  The  fire  is  now  slackened, 
and  a  quantity  of  slack,  or  refuse  pit-coal,  thrown  into  the 
furnace,  which  serves  to  diminish  the  heat,  and  to  concrete 
the  melted  scoria ;  though  this  last  part  of  the  process  is  not 
well  done  unless  powdered  lime  be  also  added.  The  scoria 
being  now  hardened,  is  broken  to  pieces  by  a  rake,  and  thrust 
to  the  opposite  side  of  the  furnace,  where  it  is  taken  out 
through  the  apertures  already  mentioned. 

The  lead  is  now  tapped,  in  a  manner  similar  to  that  de- 
scribed in  the  manufacture  of  iron,  and  is  allowed  to  run  into 
a  large  iron  pan,  from  whence  it  is  laded  into  moulds  to  cast 
into  pigs.  When  the  ores  abound  with  blind,  or  black-jack, 
or  sulphate  of  iron,  it  becomes  necessary  to  add  the  fluat  of 
lime,  as  a  flux. 

The  scoria  is  still  found  to  contain  some  lead,  independent 
of  that  in  the  state  of  oxyd,  and  chemically  combined  with  it| 
and  is  consequently  exposed  to  the  heat  of  aaother  fumacci 
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being  a  species  of  blast,  and  called  a  slag-hearth,  which  fuses 
the  scoria,  and  causes  the  metal  to  penetrate  through  it,  and 
Fall  into  a  cavity,  where  it  is  protected  from  the  agency  of  the 
blast,  and  from  whence  it  is  taken  and  cast  into  pigs. 

As  all  lead  ores  contain  more  or  less  of  silver,  we  shall  ex* 
tract  from  Dr.  Rees^s  Cyclopaedia  the  method  by  which  the 
■liver,  by  the  oxydation  of  the  lead,  is  extracted. 

^*  A  shallow  vessel,  or  cupel,  is  filled  with  prepared  fern* 
mshes  well  rammed  down,  and  a  concavity  cut  out  for  the 
reception  of  the  lead,  with  an  opening  on  one  side  for  the  mouth 
of  the  bellows,  through  which  the  air  is  forcibly  driven  during 
Ae  process.  The  French  smelters  cover  the  surface  of  the 
ashes  with  hay,  and  arrange  symmetrically  the  pieces  of  lead 
upon  it.  When  the  fire  is  lighted,  and  the  lead  is  in  a  state 
of  fusion  from  the  reverberation  of  the  flame,  the  blast  from 
the  bellows  is  made  to  play  forcibly  on  the  surface,  and  in  a 
short  time  a  crust  of  yellow  oxyd  of  lead,  or  litharge,  is 
formed,  and  driven  to  the  side  of  the  cupel  opposite  to  the 
mouth  of  the  bellows,  where  a  shallow  side  or  aperture  is 
made  for  it  to  pass  over ;  another  crust  of  litharge  is  formed 
and  driven  oiF,  and  this  is  repeated  in  succession  till  nearly 
all  the  lead  has  -been  converted  into  litharge  and  driven  off. 
The  operation  continues  about  forty  hours,  when  the  complete 
Reparation  of  the  lead  is  indicated  by  a  brilliant  lustre  on  the 
convex  surface  of  the  melted  mass  in  the  cupel,  which  is 
occasioned  by  the  removal  of  the  last  crust  of  litharge  that 
covered  the  silver.  The  French  introduce  water  through  a 
tube  into  the  cupel,  to  cool  the  silver  rapidly,  and  prevent  its 
spirting  out,  which  it  does  when  the  refrigeration  is  gradual, 
owing  probably  to  its  tendency  to  crystallize.  In  England 
the  silver  is  left  to  cool  in  the  cupel,  and  some  inconvenience 
is  caused  by  the  spirting,  which  might  be  avoided  by  the 
former  mode. 

^^  The  silver  thus  extracted  is  not  sufficiently  pure ;  it  is 
again  refined  in  a  reverberatory*furnace,  being  placed  in  a 
cupel  lined  with  bone-ashes,  and  exposed  to  greater  heat; 
the  lead  which  has  escaped  oxydation  by  the  first  process,  is 
converted  into  litharge,  and  absorbed  by  the  ashes  of  the 
cupel. 

^  The  last  portions  of  litharge  in  the  first  process  are  agaia 
refined  for  silver,  of  which  it  contains  a  part  which  was  driven 
off  with  it.  The  litharge  is  converted  into  lead  a^in  by 
heating  it  with  charcoal ;  part  is  sometimes  sold  for  pigment, 
or  converted  into  redhead.  The  loss  of  lead  by  this  process 
differs  cqnsidcnbly,  according  to  the  quality  of  the  lead. 
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rge  commonly   obtained  from  three  tons   of  leal 

1  58  hundred  weight ;  but  when  it  is  again  reduced  \ 

a  ineiailic  state,  ii  eddnm  contains  more  ihan  52  huodrtd 

weight  of  lead,  the  loss  on  three  tons  bein^  eight  huodrej 

weight.     The  Dutch  are  said  to  extract  the  stiver  from  ihe 

same  quantity  of  lead  with  only  the  loss  of  six  hundred 

Having  explained  the  process  by  which  pig-lead  is  estracied 
from  the  ores,  it  now  remains  for  ua  to  show  the  methods  bjt' 
which  pig>lcad  is  manufactured  into  sheet-lead,  or  into  ili4^ 
tubes  called  lead'pipes. 

In  the  manufacture  of  sheet-lead,  the  ingots  or  pigs  are  put 
into  a  large  caldron  or  furnace  built  with  free-stone  and  earth. 
Near  this  furnace  is  the  tabic  or  mould  on  which  the  sheet  iff 
to  be  cast;  it  is  made  of  large  pieces  of  wood,  welt  jointedf 
and  bound  at  the  ends  with  bars  of  iron,  and  has  a  It-dge  flf 
border  of  wood,  about  two  or  three  inches  thick,  and  one  or 
two  high,  called  the  sharps.  The  tables  are  usually  about 
three  or  four  feel  wide,  and  from  eighteen  to  twenty  feet  loti^ 
The  table  is  covered  with  very  fine  sand,  which  is  prepared- 
for  the  casting  by  moistening  it  with  clear  water,  working  itti»-| 
gcther  with  a  stick,  beating  it  flat  with  a  mallet,  and  smooih- 
icg  it  with  a  piece  of  brass  or  wood. 

A  long  narrow  piece  of  wood,  with  notches  cut  in  each  end 
so  as  to  fit  the  ledges,  is  placed  over  the  table,  and  is  so  ar- 
ranged, that  the  space  between  it  and  the  sand  shall  be  pro* 
portionate  to  the  intended  thickness  of  the  plate.  The 
workman  gradually  slides  the  strike  from  one  end  of  thetable 
to  the  other,  by  which  means  he  obtains  a  sheet  of  the  requi- 
site, and  in  alt  parts  of  equal,  thickness. 

At  the  top  of  the  table  is  a  large  triangular  iron  peel  or 
shovel,  with  its  fore  part  bearing  upon  the  edge  of  the  table, 
and  the  hinder  part  on  a  tressel,  somewhat  lower  than  the 
table  ;  the  design  of  which  is,  to  prevent  the  liquid  metal 
running  off  at  the  fore  side,  where  there  is  no  ledge.  The 
metal  being  sufficiently  fused,  is  taken  out  of  the  furnace  or 
caldron  with  a  large  iron  ladle,  and  is  put  into  the  peel,  where 
it  is  cleansed  of  its  impurities  by  using  another  large  iron 
ladle  pierced  like  a  scummer.  The  handle  of  the  peel  is  now 
raised,  which  causes  the  liquid  metal  to  run  into  the  mould, 
while  the  workman,  with  the  strike,  regulates  the  thickness. 
When  the  sheet  is  of  the  required  thickness,  the  handle  of  the 
peel  is  lowered,  and  the  sheet  is  allowed  tu  cool.  When  set, 
the  edges  on  both  sides  are  planished  in  order  to  render  them 
smooth  and  straight. 


AND  MACHINIST.  869 

The  method  above  described  is  only  used  in  casting  large 
sheets  of  lead ;  in  casting  sheets  of  smaller  dimensions,  At 
table  or  mould,  which  is  placed  in  an  inclined  position,  is,  in 
lieu  of  sand,  covered  with  a  piece  of  woollen  stuff  nailed  down 
at  both  ends,  and  over  that  is  placed  a  very  fine  linen  cloth. 

In  this  process  great  attention  must  be  paid  to  the  heat  of 
the  liquid  metal,  and  a  piece  of  paper  is  used  as  a  test;  if  the 
paper  take  fire,  the  lead  is  too  hot,  and  would  destroy  the 
linen ;  if  it  be  not  shrunk  and  scorched,  it  is  not  hot  enough. 

When  the  sheets  are  required  to  be  very  thin,  it  is  neces- 
sary to  make  the  peel  and  strike  of  one  piece.  It  is  a  kind  of 
wooden  box  without  a  bottom,  being  closed  only  on  three 
sides;  the  back  of  it  is  about  seven  or  eight  inches  high,  and 
the  two  sides,  like  two  acute  angles, diminish  to  the  top;  the 
width  of  the  middle  makes  that  of  the  strike,  which  again 
makes  that  of  the  sheet  to  be  cast. 

The  strike  is  so  placed,  that  the  highest  part  is  towards  the 
lower,  and  the  two  sloping  sides  towards  the  upper  end  of  the 
table.  The  top  part  of  the  table,  where  the  metal  is  poured 
iOf  is  covered  with  a  pasteboard,  which  serves  as  a  bottom  to 
the  case,  and  prevents  the  linen  from  being  burnt  while  the 
metal  is  pouring  in. 

The  strike  or  peel  being  filled  with  lead,  according  to  the 
intended  size  of  the  sheet,  two  men,  one  at  each  side,  seize 
hold  of  it,  and  with  greater  or  less  velocity,  as  the  sheet  is  to 
be  more  or  less  thick,  force  it  down  the  inclined  table ;  for 
the  thickness  of  the  sheet  always  depends  upon  the  velocity 
with  which  the  strike  slides  down  the  table.  The  sheet-lead, 
after  casting,  is  frequently  reduced  by  rollers. 

As  this  particular  department  is  so  intimately  connected 
with  the  business  of  a  plumber,  we  shall  not  be  considered  as 
departing  from  the  subject  by  inserting  the  following  tables, 
from  Hutton*s  Mensuration. 

Plumber's  work  is  commonly  estimated  by  the  pound  or 
hundred  weight ;  but  the  weight  may  be  discovered  by  the 
measure  of  it,  in  the  manner  below  stated.  Sheet-lead  used  in 
roofing,  guttering,  &c.  is  commonly  between  seven  and  twelve 
pounds  weight  to  the  square  foot;  but  the  following  table 
shows  by  inspection  the  particular  weight  of  a  square  loot  for 
each  of  several  thicknesses. 


49 


Ttoko™. 

.15 

8.848 

.16 

9.438 

i 

9.8S1 

.17 

10.028 

.18 

10.618             1^ 

.19 

il.eo7         d 

.2=^ 

11.797          M 

12.387           ^ 

set  down  in 

tenths  and  hua- 

5.899 
.11  6.489 

i  6.5.14 

.12  7.078 

i  7.373 

.13  7.668 

.14  8.^8 

f  8.437 

In  this  tabic  the  thickness  1: 
dredthi,  &c.  of  an  inch;  and  the  annexed  corresponding  num- 
bers are  the  weights  in  avoirdupois  pounds  and  thousandth 
parts  of  a  pound.  So  the  weight  of  a  square  foot  of  -jj  or 
jVb  °f  3n  inch  thick  is  5  pounds  and  yeVc  °f  ^  pound  ;  and  the 
weight  of  a  square  foot  to  one-ninth  of  an  inch  thickness  is  6 
pounds  and  -fVtra  °f  ^  pound.  Lead  pipe  of  an  inch  bore  is 
commonly  13  or  14  pounds  tu  the  yard  in  length. 

1.  How  much  weighs  the  lead  which  is  39  feet  6  inchvs  long,  uul  3  feet  ■< 
ichts  broad,  at  8J  lbs,  to  the  iquarc  foot?  

Dccim&b.  S9.  6                      ^^fe 

39.5  3.  3                    ■ 

3i  ^ 

118.  6 

118.5  9.10.6 

9.875  

128.  4.6 


Oi| 
■  1091:^  lbs. 


2.  What  coat  the  covering  and  guttering  of  i  roof  with  lead,  at  I8i.  per 
twt-i  the  length  of  the  roof  being  4-j  feci,  and  the  breadth  or  girth  over  it 
32  feet,  the  guttering  S7  feet  long,  and  2  feet  wide;  (he  former  9,831  lb*. 
«nd  the  latter  7,373  lbs.  to  the  Bqiiare  foot'— Answer,  115i  9».  IJd. 

It  is  now  time  to  direct  our  attention  to  the  manufacture  of 
lead  pipes,  vhich  are  universally  employed  for  small  water- 
pipes,  from  the  facility  of  bending  them  in  any  direction,  and 
soldering  their  Joints. 

Lead  pipes  are  sometimes  cast  in  an  iron  mould,  made  lO 
two  halves,  forming,  when  put  together,  a  hollow  cylinder, 
of  the  size  of  the  intended  ptpej  in  this  cylinder,  or  mould, 
i^  put  an  iroa  rod  or  core,  eztendiDg  from  the  top  to  the 
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bottom,  and  leaving  all  round  a  space  between  it  and  the 
cylinder  of  the  intended  thickness  of  the  pipe.  The  lead  is 
poured  in  at  a  spout,  formed  by  two  corresponding  notches 
cut  in  each  half  of  the  mould ;  and  a  similar  hole  is  made  at 
another  place  for  the  escape  of  air.  The  mould  is  fastened 
down  upon  a  bench,  upon  which,  at  one  end,  and  in  a  line 
with  its  centre,  is  a  rack,  moved  by  toothed-wheels  and 
pinions. 

When  the  pipe  is  cast,  a  hook  at  the  end  of  the  rack  is  put 
into  an  eye  at  the  end  of  the  iron  core,  which,  by  the  action 
of  the  cog-wheels  and  pinions,  is  drawn  so  far  out,  that  about 
two  inches  of  it  only  remain  in  the  end  of  the  pipe ;  the  two 
halves  of  the  mould,  which  fasten  together  by  wedges  or 
screws,  are  now  separated  from  the  pipes,  and  are  fastened 
upon  the  iron  core,  and  the  two  inches  of  lead  pipe  attached 
to  it;  melted  lead  is  again  poured  into  the  mould,  which, 
uniting  with  the  end  of  the  first  piece,  forms  the  pipe  of  con- 
siderable length ;  and  the  operation  is  repeated  till  it  be  of  the 
length  required. 

Another  and  a  much  better  method  is,  to  cast  the  lead  in  an 
iron  mould  upon  a  cylindrical  iron  pipe,  of  a  size  proportioned 
to  the  bore  of  the  pipe  to  be  made,  and  leaving  a  space  be- 
tween the  core  and  the  mould  three  or  four  times  the  thickness 
of  the  intended  pipe,  and  in  short  lengths,  which  are  after- 
wards drawn  through  holes  in  pieces  of  steel,  similar  to  the 
process  of  wire-drawing,  till  the  pipe  is  reduced  to  the  requir- 
ed thickness. 

Another  method  is  that  for  which  the  celebrated  iron- 
manufacturer,  Mr.  John  Wilkinson,  of  Brosely,  took  out  a 
patent  in  1790,  and  which,  since  the  expiration  of  his  patent, 
has  been  successfully  practised  by  many  other  manufacturers. 
This  method  consists  in  casting  a  circular  piece  of  lead,  about 
eighteen  inches  long,  with  a  core  or  hole  longitudinally 
through  its  centre.  This  piece  is  of  considerably  larger 
diameter  than  that  of  the  pipe  intended  to  be  made.  The 
core  or  hole  at  one  extremity  suddenly  decreases,  so  as  to 
form  on  the  internal  surface  of  the  piece  of  lead  a  stop  or 
shoulder,  against  which  a  polished  iron  triblet  or  mandrel, 
which  has  been  passed  thus  far  along  the  core,  rests.  This 
triblet  or  mandrel  is  of  somewhat  greater  length  than  the 
length  required  of  the  pipe  to  be  manufactured,  which,  gene- 
rally speaking,  is  from  seven  to  nine  feet.  An  iron  screw, 
having  a  loop  at  the  opposite  end,  is  then  passed  down  the 
Other  end  of  the  core,  and  is  screwed  into  that  part  of  the 
mandrel  which  rests   against   the    shoulder.     In   this   stat^^ 
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the  mandrel,  with  the  circular  piece  of  lead  fixed  fast  on  it,  is 
taken  to  the  drawing-table. 

The  drawing-table,  in  the  principle  of  its  operation,  resem- 
bles the  block  described  in  the  Wire  Manufacture  in  every 
respect,  though  it  is  far  more  powerful.  The  table  generally 
used  is  about  thirty  feet  long,  by  two  feet  wide ;  having  at 
one  end  a  powerful  cylinder  with  a  chain  attached  to  it. 
This  cylinder  receives  motion  from  a  steam-engine,  or  other 
first  mover,  and  can  be  thrown  in  and  out  of  geer  bv  an  adapt- 
ation of  any  one  of  the  appropriate  modes  described  under 
the  article  "  Mill-geering.  About  two-thirds  the  length 
of  the  bench  from  the  cylinder,  or  roller,  are  two  pins  or  stops 
to  hold  a  steel  plate,  which  has  a  gradation  of  conical  holes. 
Through  the  largest  of  these  holes,  which  is  somewhat  less 
than  the  diameter  of  the  circular  piece  of  lead,  the  loop  that 
is  screwed  on  to  the  end  of  the  mandrel  is  passed,  and  attached 
to  a  hook  at  the  extremity  of  the  chain,  which  chain  is  afExed 
to  the  cylinder  or  roller.  The  cylinder  being  now  thrown 
into  geer,  the  piece  of  lead  is  drawn  through  the  hole  in  the 
steel  plate,  which  diminishes  it  in  diameter,  and  increases  it 
in  length ;  and  this  operation  is  carried  successively  through 
the  series  of  gradually  decreasing  holes  in  the  draw-plate, 
until  the  pipe  is  reduced  to  the  required  diameter.  The  cy- 
linder is  now  struck  out  of  geer,  and  the  mandrel  liberated 
from  the  chain,  which  is  immediately  attached  to  the  other  end 
of  it.  The  steel  draw-plate  being  now  removed,  the  stops 
against  which  it  rested  allow  the  mandrel  to  pass  between 
them,  but  detain  the  lead  pipe,  which,  consequentlv,  bv  strik- 
ing the  cylinder  into  geer,  allows  the  mandrel  to  be  extricated 
from  it.  A  small  portion  of  pipe  being  cut  ofFat  both  ends, 
the  pipe  is  considered  finished.  Through  the  whole  of  the 
operation,  great  care  is  taken  to  keep  the  mandrel  and  steel 
plate  well  oiled. 

As  no  acid  can  pass  through  lead  pipe  without  l>ecoming 
more  or  less  affected  by  its  deleterious  qualities,  it  is  neces- 
sary in  cases  where  acids  are  used,  to  have  pipes  made  ot 
iron,  or  of  lead  lined  with  tin.  To  line  lead  pipe  with  tin, 
the  lead  pipe  must  be  cast  in  a  vertical  mould,  which  has 
a  core  of  somewhat  larger  diameter  than  the  intended  bore  ol 
the  pipe  passing  down  its  centre.  When  the  pipe  is  cast, 
and  the  metal  is  set,  this  mandrel  is  drawn  out  of  the  mould, 
and  another  of  smaller  diameter  is  substituted.  About  as 
much  coarse  resin  as  will  lay  on  a  shilling  is  now  thrown  into 
the  space  between  the  pipe  and  the  core  or  mandrel  just 
passed  down  the  mould.    This  resin  by  the  heat  of  the  lead 
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is  melted,  and  runs  to  the  bottom  of  the  mould.  The  melted 
tin  being  now  poured  in,  the  resin  will  float  on  its  surface, 
and,  consequently,  as  the  tin  rises,  anoint  the  tin  in  every 
part,  and  act  as  a  flux,  and  unite  the  two  vessels.  As  soon 
as  the  tin  is  set,  the  last-mentioned  mandrel  is  drawn  out, 
and  the  external  mould  being  removed,  the  lead  now  lined 
with  tin  is,  when  quite  cold,  ready  to  be  submitted  to  the 
process  of  drawing.  Various  other  equally  simple  processes 
are  adapted  to  this  purpose. 


PAPER  MANUFACTURE. 

Paper,  that  highly  valuable  substance,  which  enables  us  to 
communicate  our  thoughts  to  persons  situate  at  the  most 
distant  quarters  of  the  civilized  globe,  is  manufactured  from  - 
rags,  by  the  aid  of  machinery. 

It  was  formerly  necessary  to  assort  with  great  care  the 
rags  which  were  intended  to  be  manufactured  into  paper; 
and  none  but  the  whitest  and  best,  and  which,  consequently, 
were  the  most  expensive,  could  be  made  into  paper  of  the 
finest  quality;  but  since  the  introduction  of  chlorine,  (which 
was  discovered  by  Scheele,)  into  our  bleaching  establishments, 
the  necessity  of  this  assortment  has  been  greatly  obviated ; 
as  it  was  soon  conceived  that  that  chemical  agency,  which 
was  capable  of  bleaching  linen,  was  also  applicable  to  the 
whitening  of  the  rag  during  the  process  of  paper-making. 

At  that  period  of  the  process,  when  the  rag  is  coming  into 
a  state  of  pulp,  chlorate  of  lime,  which  was  first  manufactured 
by  Mr.  Tennant,  of  Glasgow,  is  introduced  into  the  vat ;  and, 
by  its  chemical  action  on  the  fibre,  whitens  or  bleaches  the 
whole  mass;  thus  enabling  the  manufacturer  to  produce  a 
whiter  and  much  finer  quality  of  paper  from  rags  of  a  se- 
condary quality,  than  he  had  heretofore  done  from  rags  of 
the  most  expensive  description.  It  must,  however,  be  ad- 
mitted that,  as  in  all  bleaching  processes  where  the  fibre  is 
more  or  less  deteriorated  by  the  action  of  chlorine,  the  paper 
manufactured  and  whitened  by  this  agent  is  not  so  strong  as 
that  formerlv  produced ;  as  may  be  observed  in  some  thick 
gojA  beautifully  white  papers  frequently  oiTered  to  the  public 
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at  aBtonishing  low  prices,  which  arc  manufactured  fron 
coloured  and  inferior  rags,  with  a  auperaliundance  of  the 
chlorate  of  lime  introduced  in  the  process  of  the  manufacture. 
By  this,  therefore,  it  is  evident  (hat  the  chlorate  of  lime, 
when  used  wo  abundantly,  will  rot  or  destroy  the  fibre  of  the 
whole;  but  when  judiciouely  applied,  it  produces  a  paper  of 
superior  colour,  and  of  adequate  strength  for  all  praciicid 
purposes. 

The  paper-aiiil  consists  of  a  water-wheel,  or  other  fir« 
mover,  connected  with  a  comLinatioD  of  toothed  aitd  other 
wheels,  so  arranged  as  to  cause  the  cylinder  in  the  -waahtr, 
and  the  one  in  the  beating  engine,  which  will  be  hereafter 
described,  to  make  frotn  120  to  150  revolutions  per  minute. 
On  the  same  shaft,  and  of  the  same  size  as  the  water-wheel, 
is  a  toothed  or  cogged  wheel,  which  plays  in  a  pinion  ;  the 
epindle  of  this  pinion  is  furnished  with  a  crank,  which,  by 
means  of  a  connecting  rod,  gives  a  reciprocating  motion  to  a 
lever,  for  the  purpose  of  working  two  pumps,  which  raise 
a  constant  stream  of  water  from  the  mill-dam.  This  stream 
of  water  is  kept  running  through  the  rags  in  the  washing- 
engine,  to  carry  away  the  dirt  separated  from  them  by  the 
operation.  The  structure  of  an  engine  is  more  minutely 
explained  by  figs.  371,  372,  373,  374,  &c. ;  fig.  371  being 
a  section  through  the  length  of  the  engines,  and  fig.  J72  a 
horizontal  plan. 

The  lir^  vit  or  ciatcm,  A  A,  is  of  :in  oblonf^  lig'ure  on  the  outside,  tbc 
Migle*  beinir  cut  ofTi  but  the  insidt,  which  i«  lined  with  leu],  hit  itni^i 
lidei  and  circular  endi.  it  ia  divided  by  >  pgrtition,  H  B,  also  covered 
with  lead.  The  cylinder  C  Is  fixed  fnst  upon  ibc  spjudlc  D,  which  eitcmb 
mcrosi  the  engine,  and  is  put  in  motion,  u  before  dcscnbed,  by  tlic  pinion  E, 
placed  on  the  extremily  of  iL  The  rylindcr  is  made  of  wood,  and  furniihcd 
with  a  number  of  teeth,  or  cutters,  ti^cd  fast  on  its  circumference,  pirilkl 
to  the  axil,  and  projecting'  about  an  inch,  as  is  shown  on  a  lar^r  scale  it 
fig.  37S. 

,  Immediately  beneath  the  cylinder,  a  block  of  wood,  H,  is  placed,  and 
provided  with  similar  cutters  to  those  of  the  cylinder,  which,  when  the; 
rcToIve,  pass  very  near  the  teeth  of  the  block,  but  do  not  touchi  the  dis- 
tance between  them  being-  capable  of  regulation,  by  elevating  or  depressln; 
the  bearings  on  which  the  nccki  D,  D,  of  the  spindle  are  aupported.  These 
liearings  arc  made  on  two  lei  era,  F,  F,  which  liavc  tenons  at  their  cndi, 
litted  into  upright  mortises,  made  in  short  beams,  G,  0,  bolted  to  the  sides 
of  the  engine.  (See  also  fig.  3r3.)  The  levers,  F,  P,  arc  movable  at  one 
end  of  each,  the  other  ends  being  fitted  tu  rise  and  fall  on  holts,  in  the 
htams  G,  as  centres. 

Tlie  front  one  of  these  leiers.  or  Ihut  neircst  to  the  cylinder  C,  is  capable  l  ■ 
of  being  elevated  or  depressed,  by  turning  the  handle  of  the  acre*  It  l| 
which,  as  shown  in  fip.  3".",  acts  iii  a  nut  n.  fixed  to  the  tenon  of  F,  tt^ir 
comes  up  through  the  lop  rjf  the  beam  (1,  upon  wUcli  the  hen^^  th;  sacvT 
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takes  its  bearing.  Two  bruses  are  let  into  the  middle  of  the  leven  F,  F» 
and  form  the  bearings  for  the  spindle  of  the  engine  to  work  upon.  The 
screw,  6,  is  used  to  raise  or  lower  the  cylinder,  and  c«use  it  to  cut  finer  or 
coarser,  by  enlarging  or  diminishing  the  space  between  the  cutters  in  the 
block,  and  those  of  the  cylinder. 

Near  K,  figs.  371  and  372,  is  a  circular  breasting  made  of  boards,  and 
covered  with  sheet-lead:  it  is  curved  to  fit  the  cylinder  very  truly,  and  leaves 
but  very  little  space  between  the  teeth  and  breasting.  An  inclined  plane,  K, 
leads  regularly  from  the  bottom  of  the  eng^ne-vat  to  the  top  of  this  breasting; 
and  at  the  bottom  of  it  the  block,  II,  is  fixed. 

The  engine  is  supplied  with  water  by  a  pipe,  Q,  brinp^ng  it  from  the 
pump;  this  pipe  delivers  it  into  a  snudi  cistern,  M,  adjoining,  and  com* 
municating  with  the  engine.  The  pipe  has  a  cock,  P,  to  stop  the  entrance 
of  the  *water,  when  required,  or  to  regulate  the  quantity  of  its  discharge. 
The  small  cistern  has  a  grating  fixed  across  it,  covered  with  a  hair-strainer, 
to  catch  any  extraneous  matter  which  may  come  in  with  the  water,  or  a 
flannel  bag  is  sometimes  Ued  over  the  orifice  of  the  cock,  P,  through  which 
all  the  water  must  be  filtered.  When  the  engine  is  filled  with  water,  and  a 
quantity  of  rags  put  in,  they  are,  by  the  revolution  of  the  cylinder,  drawn 
between  its  cutters  and  the  teeth  of  the  block  H.  This  cuts  them  in  pieces* 
tlien,  by  the  rapid  motion  of  the  cylinder,  the  rag^'  and  water  are  thrown 
over  the  top  of  the  breasting,  upon  the  inclined  plane;  in  a  short  time,  this 
raises  more  rags  and  water  into  that  part  of  the  engine-vat;  and  the  ten- 
dency to  restore  the  equilibrium  puts  the  whole  contents  of  the  vat  in  slow 
motion,  down  the  inclined  plane  K,  and  round  the  partition  B  B,  by  which 
they  come  to  the  cylinder  again  in  about  the  space  of  20  minutes;  so  that  the 
rags  are  repeatedly  cut  and  chopped  in  every  direction,  till  they  are  reduced 
to  a  pulp. 

This  circulation  is  of  advantage,  in  turning  the  rags  over  in  the  engine,  and 
causes  them  to  present  themselves  to  the  cutters  in  a  different  direction  every 
time;  for  as  the  cylinder  cuts  or  clips  in  straight  lines,  in  the  same  manner  as 
a  pair  of  shears,  it  is  requisite  to  cut  the  rags  across  in  different  directions, 
to  reduce  them  to  a  pulp. 

The  manner  of  the  cutting  is  this:  the  teeth  of  the  block  are  placed 
rather  inclined  to  the  axis  of  the  cylinder,  as  shown  by  fig.  374,  but  the 
teeth  of  the  cylinder  are  parallel  to  its  axis;  therefore,  the  cutting  edges, 
when  tliey  meet,  are  at  a  small  angle,  and  come  in  contact  first  at  one 
end,  and  then  successively  the  contacts  proceed  along  to  the  other  end,  so 
that  any  rag^  interspersed  between  them  are  cut  in  the  same  manner  as 
they  would  be  between  the  blades  of  a  pair  of  shears.  Sometimes  the 
plates  or  cutters,  Ar,  in  the  block,  are  bent  to  an  angle  in  the  middle,  instead 
of  being  straight,  and  inclined  to  the  cylinder;  in  this  case,  they  arc 
called  elbow  plates,  and  of  course  the  two  ends  are  both  inclined  to  the 
axis  of  the  cylinder  in  opposite  directions.  In  either  case,  the  edges  of 
the  plate  of  the  block  cannot  be  straight  lines,  but  must  be  cun-ed,  to 
adapt  themselves  to  the  curve  which  a  hne  traced  on  the  cylind^  will  of 
course  have. 

The  plates  or  cutters  of  the  block  are  united,  by  screwing  them  altogether, 
and  fitting  them  into  a  cavity  cut  out  in  the  wooden  block  H;  their  edg^s  are 
bevelled  away  on  one  side  only,  as  shown  at  k  in  the  section,  fig.  374.  The 
block  is  fixed  in  its  place  by  being  made  dove-tailed,  and  truly  fitted  into  the 
bottom  of  tlie  cistern,  so  that  the  water  will  not  leak  by  it.  The  end  of  it 
comes  through  the  wood-work  of  the  chest,  and  projects  a  smaU  distance  on 
the  outside  cdT  it,  being  kept  up  to  iti  place  by  a  wedge,  so  that  bir  with- 
liimiru^  tluB  wedge^  the  block  bocomef  looie,  and  can  be  removed,  to  uiarpea 
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the  cutlers,  ai  DccBsion  reqiiiru.     ThU  is  doae  on  ft  gtindsUm^  ll 
bcin);  fir»t  geparmtcd  frflm  each  other. 

The  cuttenof  the  cylinder  are  &wd  into  groove*,  cut  in  tbe  woodrfi 
rj-linder,  at  eqiul  dislancus  rrom  eiich  othur  nmail  'na  circumference,  it 
direction  pirallcl  to  its  axim  the  number  of  thoce  grooves  ia  IwenlVi  lirf) 
the  wuher,  each  groore  has  two  cutters  or  bus  put  into  it;  (hen  >  iU' 
wond  is  driven  fast  in  between  theni.  to  hold  them  firm:  kod  the  GBcttl 
kept  fait  by  spikes  driven  into  the  »olid  wood  of  tbe  cylinder.  TTw 
U  made  in  the  ume  mmner,  eirppt  that  each  groove  contium  (htet  b 
tvro  ailets,  as  shown  in  fig.  375. 

In  the  operatinn  of  the  cylinder,  it  is  neceiMrj'  that  it  shouM  be  ec 
in  a  case,  or  iti  great  velocity  would  throw  all  the  water  and  rags  out 
engine.  The  cue  is  a  wooden  bo\,  L  L,  encloiied  on  all  sadca  ezc< 
b(itt«mi  one  aide  of  it  rests  upon  the  edge  of  tlie  Tit,  and  the  olbet 
thr  cdg«  of  the  partition  B  B.  The  lineii,  c  c,  represent  the  e<lg«a  of  a 
fVamea,  which  are  covered  with  hair  or  wiTc-clolhi  and  itfimediately  I 
these,  tlic  box  is  made  with  a  bottom,  and  a  lidgc  towards  the  cylinder, 
makes  a  complete  trouKt>- 

The  dark  ^aces,  re,  in  fig'.  371,  show  the  situation  of  two  openinn< 
■pouts,  throogrh  the  side  of  the  case,  which  leud  to  flat  lead-pipe^  A.  sTt 
372,  which  are  placed  by  the  side  of  the  rat;  the  beara,  F,  being  cut  M 
fbr  them.  There  are  waate-pipea,  to  convej-  away  the  foul  water  frata  i 
engine;  for  the  cylioder,  as  it  turns,  lhR>w&  a  great  quantity  of  wateiM' 
rags  against  the  sievei;  the  water  goes  througb  them,  and  runs  dom  it 
(lie  trough  at  e  e,  and  from  thence  into  the  ends  of  the  lead-pipes,  i,fcA 
S72,  by  which  it  is  conveyed  away;  d,  d,  fig.  J71,  are  grooves  for  two  booM 
Wluch,  when  put  down  in  their  places,  cover  the  hair-aieves,  and  lUp  A 
water  from  going  tlirougb  them,  if  it  b  required  to  retain  the  water  inV 
engine.  This  it  sltrays  the  case  in  the  benting-engines,  and  therefore  -^'~ 
era  Mldon  pKivided  with  these  waste-pipes,  or  at  matt  on  one  aide  vij 
ether  aide  of  llie  cover  being  curved,  to  conform  to  the  cylinder.  Bi 
tliis,  tile  oniv  difference  between  the  washing-engine  and  the  healer  is  Ha  ' 
the  teilli  of  the  latter  are  finer,  having  fiiJ  instead  of  40  bars  on  its  cimi» 
ferencc^  and  it  revolves  quicker  than  tht  viashcr,  so  tliut  it  will  cutandJuide 
tho^c  particles  which  pasa  through  the  teeth  of  the  washer. 

The  rags  being  now  reduced  to  a  state  of  pulp,  vre  shall  in 
the  next  place  proceed  to  show  the  method  of  forming  it  into 
sheets  of  paper. 

It  was  formerly  the  ctistom  to  allow  a  small,  but  sufliciem 
portion  of  the  pulp  to  flow  on  a  sieve  furnished  with  two 
handles,  which  sieve  was  agitated  by  a  workmarj  until  tbe 
pulp  had  subsided  or  settled  regularly  throughout  the  sur-  I 
iace.  This,  when  it  had  passed  through  the  usual  processes 
of  pressing,  drying,  &c.  constituted  a  sheet  of  paper  ;  and  iti 
texture  was  indicated  by  the  fineness  of  the  quality  of  the 
wire  out  of  which  the  sieve  was  constructed. 

This  unmechanical  and  desultory  mode  of  operation  has 
been  obviated  by  iiitprovenients  effected  by  many  ingenious 
persons;  hut  the  niychines  which  are  now  almost  universally 
employed,  and  which  have  most  decidedly  superseded  il' 
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Other  attempts  at  the  same  object,  was  the  invention  of  the 
Messrs.  Fourdrinier.  The  action  and  arrangement  of  this 
ingenious  piece  of  mechanism  consists  in  having  a  horizontal 
frame,  of  any  required  length,  furnished  with  a  roller  or 
cylinder  at  each  end,  over  which  is  stretched  an  endless  web 
of  brass  wire,  of  the  requisite  texture  or  fineness  for  the 
paper  about  to  be  manufactured.  At  one  end  of  the  frame, 
parallel  with,  and  immediately  over,  one  of  the  cylinders,  is  a 
long  angular  trough,  into  which  the  pulp  is  received,  whence 
it  issues  through  a  long  slit  or  opening,  which  is  regulated  by 
a  screw,  and  falls  on  the  surface  of  the  web  beneath.  At  this 
period  of  the  process,  the  cylinders  are  set  in  motion,  and 
the  web  proceeds  slowlv  forward  with  a  tremulous  motion, 
which  arranges  and  disperses  the  pulp  regularly  over  the 
whole  surface  of  the  web.  This  tremulous  motion  is  im- 
parted to  the  whole  of  the  machinery  by  an  eccentric  move- 
ment. 

As  soon  as  the  paper  arrives  in  this  crude  and  wet  state  at 
the  extremity  of  the  web  of  the  further  cylinder,  it  is  wiped 
and  taken  up  by  a  larger  cylinder,  covered  with  felt  or  flannel, 
and  is  passed  between  a  series  of  similar  cylinders,  and  finally 
delivered  to  a  reel,  and  wound  off  in  a  coil  or  hank  so  long  as 
the  operation  proceeds.  Thus,  paper,  by  the  action  of  this 
ingenious  machine,  may  be  manufactured  to  an  unlimited 
length,  and  of  any  width  that  is  compatible  with  the  manu- 
facture of  wire  web.  The  reel  or  winder  being  now  with- 
drawn, the  coil  of  paper  is  cut  on  both  sides,  forming  sheets 
of  the  length  and  breadth  of  the  machine  and  reel  on  which  it 
is  wound. 

The  arrangement  of  the  different  speeds  of  the  various  cy- 
linders for  moving  the  web,  and  afterwards  pressing  the  paper, 
together  with  the  action  of  the  reel,  and  the  tremulous  motion 
that  is  imparted  to  the  whole  of  the  machinerv  by  the  eccentric 
or  wiper,  as  also  the  regular  supply  of  the  pulp  for  the  various 
qualities  of  the  paper  to  be  manufactured,  form  a  most  elegant 
combination  of  ingenuity  and  mechanical  knowledge  ;  and  it 
is  only  to  be  lamented  that  the  inventors  and  first  proprietors, 
of  this  great  source  of  national  industry,  should  not  have  ob- 
tained a  reward  adequate  to  the  benefit  which  they  have  con- 
ferred on  their  country. 

The  quantity  of  water  which  a  paper-mill  can  command  to 
turn  its  engines,  generally  limits  the  extent  of  its  trade ;  hence 
the  manufacturers  should  attend  to  every  improvement  of  the 
machinery  which  can  increase  their  effect. 

50 
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A  very  large  and  capital  paper-mill,  at  Maidstone,  in  KcM, 
Avhich  is  the  principal  scat  of  the  paper  trade  in  England,  i* 
worked  by-  steam-engines,  and  is  found  to  answer  very  well. 
The  macliinery  and  building  of  a  papcr-mili  ahould  b«  wel! 
made,  and  firmly  put  together,  otherwise  its  great  velocity 
and  power  produces  a  tremor,  which  in  time  shakes  every 
diing  to  pieces.  The  noise  and  vibration  of  a  washing- 
engine  is  tremendous;  for  when  it  revolves  120  times  per 
minute,  and  haa  forty  teeth,  each  of  which  passes  by  twelve 
or  fourteen  teeth  in  the  blocit  at  every  revolution,  it  will  make 
near  60,000  cuts  per  minute,  and  each  of  them  sufficiently  loud 
to  produce  the  most  horrible  growling  sound  which  can  be 
conceived. 

The  beater revolvingquicker,havingsixty  teeth, and  twenty 
or  twenty-four  cutters  in  the  blocic,  will  make  180,000  cuUpcr 
minute,  which  is  so  rapid,  a/'to  produce  a  coarse  musical  note  , 
or  humming,  which  may  be  heard  at  a  great  distance  from  the 
mill.  This  great  number  of  cuts  will  account  for  an  engine 
being  able,  in  the  course  of  four  or  five  hours'  worfcing,  to  re- 
duce a  quantity  of  rags  to  those  exceedingly  minute  filaments, 
of  which  paper  is  composed. 

Mr.  John  Dickenson  took  out  a  patent  in  1809,  for  ccrHlia 
improvements  on  his  former  patent  machinery  for  cutting  ud 
planing  paper,  as  also  for  certain  machinery  for  the  mana^ 
factiire  of  paper  by  anew  method.  His  description  of  it  is  as 
follows  1 

The  first  part  of  Ihc  invention,  consisting  in  cert&in  improveneBts  in  tlirt 
patent  machinery  for  cutting'  and  pinning  paper,  is  described  in  th^'ahneiM 
dmwioga ;  wliercin  lij;.  376  represents  a  sectional  eleTation,  fig.  377  * 
plan,  and  (ig-.  37S  a.  transverse  section.  Eveiy  part  in  the  Ovation;  fig- 
376,  is  on  a  line  with  tlie  same  pMt  in  the  plan,  Rg.  377,  md  die  »uDe  ' 
parts  nfe  represented  by  the  same  letters  ■□  all  the  three  fibres;  a'n*  feel, 
covored  with  papei-;  b  a  swinging  roller,  to  draw  the  end  of  the  pftpei  aUltle 
back  after  it  has  been  cut:  c  a  hai-,  haviniEf  a  groove  in  its  upper  surface,  into 
which  the  cii'ciilar  cutter  </  nins.  The  bar  c  is  movable  up  to  a.  certain 
height,  and  connected  with  two  arms,  xx,  by  means  of  which  it  may  be 
moved  downwardsi  the  apriiijjs  e  t  will  elevate  it  again  when  tlic  pressure 
is  removed  from  Ihc  amis  x  x  ,■  f  \3  a  sliding  frame,  having  a  pair  of 
tongs  attached  to  the  front  of  it,  and  marked  g.  The  board  on  which  the 
paper  is  laid  is  marked  h ,-  and  on  the  side  next  the  ton^  i>  ftimishcd 
with  thin  teeth,  i  i.  The  fr^me  /,  which  carries  the  longs,  slides  in  grooves 
in  the  frame  of  the  machine,  and  Is  mm  ed  backwards  and  forwards  by  the 
rod /,  which  in  drawing  the  tongs  from  the  reel  of  paper  closes  themi  and 
in  forcing  them  back  again  towards  the  reel  of  paper,  opens  tbcm-  On 
each  aide  of  the  frame/is  fixed  a  small  roller,  which  act  upon  the  arms  jiy 
so  that  the  frame  in  being  forced  towards  the  red  of  paper  presses  the  smn 
down,  and  consequently  moves  the  bar  c  down  out  of  the  way  of  the  tang«, 
which  at  tliat  period  are  open.  The  end  of  the  paper  is  at  that  time  lying 
even  with  the  eltremity  of  Ihc  teeth  ii,   and  the  j»ws  of  the  tungs  closing 
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immediately  that  the  rod  j  is  put  in  motion  to  draw  the  frame  back,  seize 
the  paper  in  every  interyu  between  the  teeth,  and  draw  it  dong  with  them. 
When  they  have  earned  it  out  the  length  that  the  sheet  of  paper  is  wanted, 
the  bar  c  having  been  raised  up  to  its  place  by  the  springs  e  e,  the  circular 
cutter  is  thrown  across,  and  as  the  edge  descends  into  tlie  g^ove  about  the 
sixteenth  part  of  an  inch,  the  paper  wliich  is  lying  upon  it  is  cut  through, 
and  the  ends  fall  down  upon  the  heap  below  the  tongs;  being  then  forced 
back,  and  at  the  same  time  opened  by  the  rod  /,  the  otlier  end  of  the  sheet 
is  released,  also  the  swinging  roller  b  then  falls  down  upon  the  board  h, 
and  draws  back  the  end  of  the  paper  even  with  the  line  formed  by  the  end 
of  the  teeth  i,  ready  for  being  seized  agun  by  the  tongs.     The  rods  y,  by 
which  the  frame  carrying  the  tongs  is  moved  backwanis  and  forwards,  has 
a  hook  Ar,  which  can  be  fixed  at  any  part  of  the  rod  by  a  screw;  and  the 
clinck  being  furnished  with  pins  m  in,  at  two  opposite  points  on  its  surface, 
these  catch  the  hooks,  and  draw  the  rod,  and  consequently  the  frame,  with 
the  tongs  outwards.     When  the  clinck  has  made  half  a  revolution,  the  hook 
is  stopped  by  the  bar  n,  and  the  rod  and  frame  remain  stationary  while 
the  paper  is  cut.    When  the  pin  has  gt>t  clear  of  th^  hook,  the  rod  and 
frame  are  imme^atcly  drawn  back  by  a  weight  acting  over  a  pulley,  which 
is  connected  with  the  rod  by  the  cord  o.    The  circular  knife  is  fixed  in  a 
sort  of  wag^n,  having  four  rollers  pp^  by  means  of  which  it  runs  along  the 
beams  q  q.    The  knife  is  kept  mm-ing  at  the  rate  of  about  five  hundred  turns 
per  minute,  by  means  of  a  band  passmg  round  the  small  rigger  r,  and  the 
pulleys  8  8f  which  is  kept  in  motion  by  any  convenient  power.     The  wagt)n 
may  be  thrown  across  at  the  proper  period  by  the  following  method,  or  any 
other  more  convenient      A  cord  is  attached  to  the  wagon,  acting  over  a 
pulley  with  a  weight  at  the  end,  sufficient  to  draw  it  across  one  way  with 
a  quick  motion:  for  drawing  it  across  the  other  way  a  cord  is  attached  to 
the  waffon,  which  is  carried  over  a  pulley,  and  fastened  to  the  weight  A, 
in  fig.  379,  which  is  much  heavier  than  the  weight  before  mentioned.    The 
endless  band   B   passes  round  the   rigger   D,  which  is  kept  in  constant 
uniform  motion,  according  to  the  rate  at  which  tiie  paper  is  cut.     The  band 
also  passes  round  the  rigger  C,  which  has  a  click  that  stops  it  ^ing  round; 
consequently  as  the  rigger  gt>es  on,  it  keeps  winding  up  the  weight  A,  and 
the  spare  band  is  eng^ssed  by  the  smaller  weight  £,  so  that  when  the  click 
that  confines  the  rigger  D  is  removed,  the  weight  A  descends  and  draws  it 
round  a  complete  revolution,  when  it  is  again  caught  by  the  click,  at  the 
same  time  the  weight  A  draws  the  wagt)n  across,  and  it  is  caught  on  that 
side  the  frame  and  confined  by  a  click;  when  the  next  sheet  is  to  be  cut  the 
wagon  is  released,  and  the  weight  attached  to  it  on  the  other  side  draws  it 
across  again,  the  heavier  weight  A  being  by  that  time  drawn  up  high  enough 
to  allow  of  its  going  all  across^  the  two  clicks  may  be  contrived  according  to 
any  common  well-known  mechanical  method,  and  tlie  motion  that  releases 
them  can  be  communicated  with  the  most  advantage  from  the  click  e  /  the 
pins  m  m  can  be  fixed  in  holes  /  /  at  a  greater  or  less  distance  from  the  cen- 
tre, according  to  the  size  the  paper  is  mtendcd  to  be  cut,  and  the  hook  on 
the  rody  must  be  shifted  accordingly.  A  regular  motion  may  be  given  to  the 
click  by  any  convenient  power,  and  at  such  a  rate  as  it  is  required  to  cut  the 
paper. 

The  remainder  of  the  drawing^  is  for  the  purpose  of  explaining  the 
remaining  part  of  the  invention,  consisting  of  certain  machines  or  macbineiy 
for  the  manufacture  of  paper,  by  a  new  method.  For  this  purpose,  a 
cylinder  is  constructed  so  as  to  possess  the  following  requisites:  in  the  first 
place  it  must  be  hollow  and  open  at  the  ends;  secondly,  the  surface  of  the 
periphery  must  be  like  a  sieve,  with  apertures  communicating  with  the 
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^iia!  lu^  cnou^rh  to  permit  Ihc  piuasge  of  water,  but  i^cuUted  !• 

erce  ci  of  rug-)  thirdly,  it  must  be  to  contri\c4  thkt  ttie   surface  viB 

._ji  i<i  perfectly  cylindrical  form,  mnwiihstuxling  ■  very  caoiiiU^ 

jree  of  presnire  upon  it*  fourthly,  it  muBt  be  fumuhed  witli  bro*4 

.^tg*  for  the  piirpoie  of  covering  p»rt  of  it*  SKHiurf  i  a*  the  mda  there 

be  levtral  pairs  of  theie  ringa  of  dilferent  widt-ha,  in    order  to  vuy  thtt  ' 

orlion   of   tlic   aurbce   which   ii  left   uncovErcd,   provided   tlie  mom 

cr  is  extended  for  making:  diffrrent  Mzed  papeni  fifUily,  ttOMMtb* 

upOQ  an  axis  in  a  horizontal  position,  and  firoily  fixed  in  bealingli  ■ 

t   may  be  turned  by  anj  conrctiicnt  power;   sixthly,  the 

,,—.  apertures  on  tlie  external  surface  must  open  iDto  a  less  1 
--•rrR  ones,  communicaliiig  with  the  internal  surface,  with  solid 

'Cea  themi  seventbl;,  it  ou^t  not  to  be  made  of  wood  bccaliM  It 
d  be  liable  to  wftrp,  nor  of  iron,  bccauu:  it  would  rust,  and  injure  the 
ri  brkas  or  any  other  Btrang  metal  would  be  found  most  oonvenieM.  ^ 
conHruct  a  cylinder  posaesiin^  the  requisite*  above-mentioDed,  «( 
^».jh  the  dimensions  must  be  acconling  to  tlic  size  and  thickness  of  the 
Datwr  it  is  intended  for  makingi  the  patentee  takes  a  brass  cyUnder,  pcrfcctlf 
ith  iofide'and  outside,  excepting  a  small  portion  at  each  end  which  is 
lain,  and  turns  the  outside  so  as  to  resemble  a  screw,  tlic  thre*df  nt 
1  are  about  a  quarter  of  an  inch  apart,  and  the  twenty-lifth  part  of  afl 

t. .  in  depth,  with  a  round  edg-e.   He  tlien  drill*  holes  between  the  threads,    , 

which  are  cut  in  a  taper  form,  the  diameter  st  top  beinc  the  widlb  of  tbe   | 
interval  between  the  threada,  and  at  the  bottom  reduced  to  one-half  that  i 
size;   the   space  on  the  outer  surface  of  the  cyliader,  left  between  thcM  I 
^>"Ie9  on  each  aide,  is  equal  to  the  breadth  of  tbc  thrcadi  notchea  sra  cut  l>  1 
e  threads  for  the  purpose  of  letting  in  cross  wires,  the  diameter  of  wimh  i*   j 
luil  to  that  of  the  threads  so  that  when  they  are  laid  into  the  notchea  aod   j 
.  jdered,  or  otherwise  listened  down,  the  surface  of  the  cylinder  will  reirm* 
ble  net-work,  with  openings  of  an  ohlong  shape,  and  b.n  nu'  'in.  •  n  :..■  ^5 
of  all   the  inrerelJces    plane  B'ilh   tach   olhvr,  and  woiiTi.l  ■ 
It  is  then  covered  with  an  endless  web  of  woven  wire,  which   is  drawn    tight 
over  it.     The  ends  of  the  cylinder  are  cut  down,  or  rabbeted,  bo  that  a  ring 
may  be  made  lo  slide  on  each  endi  and  the  ends  of  tlie  wire  are  fattened  to 
this  ring  by  means  of  small  plates,  which  are  put  over  the  wire,  and  screwed 
down  upon  the  rings  by  means  of  screws   which   pass  through  the  wire. 
These  rings  are  also  furnished  with  other  screws  for  the  purpose  of  extend- 
ing them  out  from  the  cylinder,  and  the  wire  being  fastened  to  them,  it 
iaby  that  means  stretched  and  drawn  tight  down  upon  the  aurface  of  the  cy- 

In  the  annexed  drawing,  fig.  380,  a  to  i  represents  a  transverse  section  of 
aaegment  of  the  cylinder,  C  C  C  being  the  holes,  drfrf,  the  ctosb  wire;  iltt, 
the  thread  of  the  screw,  which  is  shaded. 

Fig.  381  is  a  plan  of  aportion  of  the  external  surface  of  the  cyhnder  where- 
in A  to  B  shows  it  without  the  cross  wires,  or  the  external  wove  wire;  C  C  C 
are  the  holes,  eee  the  thread  of  the  screw  with  the  notches  cut,  a  a  a,  for  the 
reception  of  ihc  cross  wircB:  B  to  C  shows  it  with  the  cross  wires  let  in,  JJd, 
which  are  soldered  or  otherwise  fastened  at  their  ends  into  the  ends  of  the 
cylinder.  C  10  D  shows  it  with  the  woven  wire  Uid  Over  it,  tlirough  which 
the  surface  of  the  cylinder  is  seen  undtmeatb. 

Fig.  382  is  a  section  of  a  part  of  the  cylinder  at  one  end,  where  the  holes 
are  marked  c cc,  the  cross  wires  i:[</i/,  the  threads  eee..  the  external  wove 
wire  /,  is  represented  by  a  red  line,  it  is  carried  under  the  plates  g,  and 
fastened,  by  means  of  a  number  of  screws,  A,  down  upon  the  ring  i,  which 
is  shaded,  and  after  it  ia  fixed  in  that  manner  at  each  end  of  the  cylioder. 
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the  rin};^  t  may  be  extended  from  the  cylinder  by  means  of  the  ]argi*r  screws 
R,  and  the  wire  thereby  strained  down  tig^ht  upon  the  surface  of  the  cylinder; 
this  part  of  the  mechanism  is  also  represented  in  the  plan,  fig*.  381,  where  the 
diif'erent  parts  arc  marked  in  the  same  manner,  except  that  the  woven  wire 
is  drawn  in  black. 

Fig.  383  is  a  representation  of  a  connected  web  of  laid  wire,  which  may 
be  laid  over  the  cylinder  exactly  in  the  same  manner  as  the  wove  wire, 
observing^  that  the  laid  wires  should  be  parallel  with  the  axis,  and  the 
tying  wires  eee  aX  right  angles  with  it,  observing  tliat  the  laid  wires  must 
be  veiy  fine,  placed  very  near  together,  and  drawn  as  tight  as  possible  at 
the  ends.  The  reason  of  laying  the  cross  wires  ddd  diagonally,  is  prin- 
cipally in  order  that  they  may  not  be  parallel  with  the  laid  wires,  in  which 
case  they  woald  impede  the  passage  of  the  water;  for  this  reason  they  ought 
to  lay  at  an  angle  as  near  45  degrees  as  may  be  convenient;  but  if  the 
cylinder  is  intended  only  for  the  manufacture  of  wove  papers,  the  cross 
wires  may  be  parallel  with  the  axis,  the  holes  ranged  in  rows  also  parallel 
with  the  axis,  and  the  threads  of  the  screw  converted  into  small  beads. 
There  are  other  modes  of  constructing  a  cylinder  possessing  the  necessar>- 
requisites,  but  the  patentee  thought  it  expedient  only  to  describe  that  which 
he  considers  easiest  of  construction,  most  durable,  and  most  efficacious 
in  use.  He  tlso  proposes  connecting  the  rings  mentioned  as  the  fourth 
requisite*  as  being  necessary  for  covering  part  of  the  surface  of  the  cylinder, 
completed  as  above  at  the  ends  with  arms,  so  as  to  form  caps  that  may  be 
fixed  on  to  the  end  of  the  cylinder,  and  each  being  furnished  with  an  axis,  it 
can  then  be  fixed  in  bearingB  for  the  purpose  of  being  turned  by  any  con- 
Tenient  power. 

Fig.  384  is  an  outline  section,  representing  it  in  that  situation,  with  a  vessel 
fixed  agunst  it,  which  is  called  a  back;  the  sicfes  or  cheeks  of  which  are  curved, 
ao  as  to  correspond  with  the  rings  or  surface  of  the  caps;  and  the  bottom, 
at  the  point  «,  is  made  to  close  in  upon  the  surface  of  the  cylinder,  so  that 
the  vessel  on  all  sides  fits  the  cylinder  in  such  manner,  that,  if  fixed  against 
It,  and  filled  with  any  fluid,  the  fluid  would  have  no  means  whatever  of 
escaping,  except  by  running  through  the  surface  of  the  cylinder,  and  out  at 
the  ends:  the  exict  shape  of  this  vessel  is  not  material.  He  next  takes  a 
triangular  trough,  or  receiver,  closed  up  at  the  ends,  and  made  so  that  the 
upper  edg^s  fit  the  inside  of  the  cylinder,  and  of  such  a  depth  that  the 
bottom  may  be  about  level  with  the  centre  of  the  cylinder,  so  that  this 
being  fixed,  and  tlie  cylinder  turned  round,  every  part  of  the  upper  edge 
may  rub  agpainst  the  inside  of  the  cylinder,  w^hich  we  have  before  said  must 
be  perfectly  smooth.  In  fig.  380  a  section  is  shown  of  this  trough,  which  has 
an  orifice  at  one  end,  at  the  bottom,  marked  m.  It  may  be  observed,  that 
at  the  points  nn  it  comes  in  contact  with  the  internal  surface  of  the 
cylinder. 

Fig.  385  is  an  outline  vertical  section,  wherein  the  trough  is  represented 
fixed  in  the  inside  of  the  cylinder,  and  coloured  blue,  with  the  orifice  m  and 
pipe  communicating  with  it  n.  It  is  to  be  observed,  that  this  trough  is 
nrmly  fixed  by  means  of  a  plummer  block  o  o,  which  has  the  top  coupling 
screwed  down  &st,  and  the  trough  is  supported  at  the  other  end  by  means 
of  a  cylindrical  pin,  which  works  in  a  hole  in  the  cap  a.  The  other  cap  h, 
insteaid  of  an  axis,  has  a  hole  in  the  middle,  fitted  to  the  outside  of  thr 
pipe  fi,  so  that  it  forms  a  bearing  for  that  side  of  the  cylinder.  The  axis 
of  the  cap  a,  at  the  other  end  of  the  cylinder,  is  supported  in  a  bearing, 
and  has  upon  it  a  cog-wheel  p;  by  means  of  which  motion  may  be  com- 
municatea  to  the  cylinder,  and  as  it  turns  round  it  rubs  against  the  upper 
edge  of  the  trough,  which  will  remain  fixed,  and  receive  any  fluid  that 


* 


piuci  ihrau^h  the  apper  part  of  thp  surface  of  the  eyllader,  and  evfy  it  off 
through  the  orifice  m  in  the  wme  section.  The  cylinder  U  colourvd'yellaT, 
the  cap*  red.  and  the  parts  which  aiiaweni  to  the  nngi  ire  shsiLod. 

Fig.  386  a  ■  front  view  of  one  of  the  cap*. 

Fig.  387  is  a  sectional  elevation  of  the  machinery,  in  a  state  of  prrpantion 
Ibr  the  manufacture  of  paper. 

fig.  388  is  a  plan  of  the  uune-  Each  put  in  the  cluvatian.  A^.  3V,  * 
on  aline  with  the  same  part  in  the  plan,  dg,.  388<  and  every  part  i*  matkal 
with  the  same  letter  in  both.  A  is  a  riraular  Muif-cheit,  into  wUHi  ibc 
KtulTis  admitted  fniin  the  engine,  B  ia  an  agitator,  coiuiating  of  ■  mimbcr 
of  arms,  connected  with  the  spindle  C,  whionpiiaea  up  througli  n  tube  U, 
in  the  centre  of  the  cheat,  and  thiibclng^tumedby  (he  bevelled  cOg-whe<l  E, 
1t«cps  Iho  stuff  in  motion  in  the  cheil,  and  also,  by  means  of  the  l»q 
rigK'n  FFi  Elves  motion  to  another  small  agitator,  in  the  aiualler  reisel  ■■. 
wfaieh  ia  fbrthe  purpDBe  of  receiving  the  ituirfTam  the  first  cfaesi,  and  it  n 
convcied  through  the  pipe  H,  the  aperture  of  which  is  enlarged  or  contfsclcd 
by  roeaitf  of  B  conical  valve,  which  Is  acted  apon  b;  aome  ippsntiis  I,  on 
the  principle  of  a  ball-cock,  so  thai  as  the  vewel  fills  with  aluf  it  gradiuUj' 
closes  the  orificei  by  this  means  the  stuff  in  the  amallcr  retiel  G  may  be 
kepi  at  a  uniform  heif^ht,  and  the  head  being  timfomily-  the  same,  the 
diuharge  through  the  pipe  J  at  the  bottom  w31  be  alway*  equal-  The 
large  chest  A  may  be  of  any  shape  or  ditnenBOtut,  and  agiuied  in  vn  , 
convenient  manneri  the  smaller  chest  G  ought  to  be  circulir,  and  about 
18  inchei  diameter,  and  the  same  depth.  The  use  of  it  is  to  caiue  an 
unilurm  disehstgc,  which  would  not  take  place  if  ilie  stulf  were  to  pass  from 
the  large  chHl  without  any  inlermediaie  vesicl,  because  its  passage  ttamugti 
the  pipe  nrould  he  more  or  leas  rapid,  according  to  the  hei^t  of  the  head, 
which  would  be  continually  varying  in  pmponion  to  the  consumption  or 
iaccumulation  of  stuff.  In  the  pipe  J  then  ii  a  cock  K,  by  means  of  which 
the  quantity  of  vtuff  that  ia  permitted  to  ptH  nay  be  icgikted  with  the 
greatest  degree  of  nicetyi  and  when  it  is  once  McettaiBed  irtlU  proportien 
of  stoH'is  required,  no  variation  in  the  supply  can  take  place'.  The  best 
aorl  of  cock  or  valve  for  llic  purpose  will  be  such  a  one  as  leaves  »n  open- 
injf  for  the  slutf,  which  is  nearly  round  or  square,  bccmiBe  ii  .(  wort  njrroir 
the  Muff"  might  lodg^e.  The  pipe  ,T  descends  into  the  pipe  K,  through  iihich 
there  is  a  constant  and  rapid  Row  of  water,  and  it  carries  avay  the  mpply 
of  pulp  from  the  pipe  J,  and  they  pass  together  into  the  resiel  L,  in  which 
there  are  two  agiUtors  MM,  kept  in  pretty  quick  motion  by  means  of  the 
riggers  N  N.  In  this  vessel  and  in  the  pipe  K  the  water  and  stuff  become 
intimately  mixed,  and  formed  into  pulp,  of  a  proper  constitency  for  workin;;^ 
but  it  is  to  be  observed,  that  in  making  paper  by  this  method  about  four 
times  as  much  water  should  be  introduced  into  the  pulp  as  is  made  use  of 
in  the  ordinary  modes  of  paper-making.  From  the  vessel  L  the  pulp  flows 
through  the  pipes  O  O  into  the  vea,sel  P,  which  has  been  before  desctibed 
In  fig,  384,  and  called  a  back.  QQ:ire  waste  pipes,  for  adjusting  the  height 
of  the  head,  or,  in  other  words,  the  level  of  the  pulp.  In  the  hack  R  is  the 
hollow  cylinder,  described  in  figs.  380,  381,  383,  383,  384,  and  385,  and 
the  cylinder  being  in  motion  in  the  direction  described  in  the  drawing, 
the  water  is  constantly  flow'ing  through  the  surface  of  it  from  the  point  S 
to  the  point  T,  that  is  to  s\v,  through  every  part  which  is  covered  by  the 
pulp,  and,  as  the  water  pws.ic^  through,  the  fibres  of  rag  are  left  on  the 
surface,  so  that  they  are  generally  acruniulating  on  any  given  part  of  ths 
surface  of  the  cylinder  during  the  whole  of  its  passage  from  the  point  S  to 
the  point  T:  and  when  it  emerges  from  the  pulp  at  (he  point  T,  the 
quantity  requisite  for  the  composition   of  a  sheet  of  paper   i*  collected. 
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and  this  takes  place  in  endless  succession  as  long  as  the  motion  is 
continued,  and  an  uniform  supply  of  pulp  is  kept  up.  It  has  been  before 
stated,  that  when  the  surface  of  the  cylinder  emerges  from  the  pulp 
at  the  point  T,  the  quantity  of  fibre  requisite  for  the  composition  of  a 
sheet  of  paper  is  collected;  but  at  that  period  so  much  water  is  con- 
tained among  them,  that  it  is  necessary  to  drain  off  the  greater  part  of  it 
before  it  will  admit  of  any  sort  of  pressure  usually  made  use  of  for  squeezing 
out  the  water,  and  for  compressing  the  fibres  of  rag  together,  for  the  purpose 
of  making  them  cohere,  and  thereby  ginng  tenacity  to  the  paper«    For  this 

Surposc  the  trough  Y,  the  construction  of  which  is  more  fully  explained  in 
gs.  380  and  385,  is  fixed  in  the  inside  of  the  cylinder,  and  made  to  fit  tight 
all  round  its  upper  edge.  It  has  a  communication  with  the  pipe  W,  as  is 
represented  in  fig;  385,  where  the  pipe  is  pointed  out  by  the  letter  n  /  and 
this  pipe  is  connected  with  a  pair  of  double*acting  pumps  X  X,  placed  in  a 
cistern  of  water,  so  that  when  those  pumps  are  put  in  motion,  the  air  con- 
tained in  tlic  triangular  space,  enclosed  between  the  trough  and  the  cylinder, 
is  immediately  drawn  out,  and  consequently  the  pressure  of  the  atmosphere 
takes  place  upon  the  surface  of  the  cylinder,  which  is  covered  with  pulp,  in 
the  state  before  described,  and  thereby  rendered  nearly  impervious  to  the 
air.  The  immediate  effect  produced  is  the  squeezing  out  the  water,  and 
laying  the  pulp  down  in  a  compact  state  on  the  surface  of  the  cylinder,  so 
that  the  paper  cannot  be  disturbed  at  the  point  Z,  by  the  pressure  of  the 
solid  roller  a.  This  part  of  the  process  I  cail  the  pneumatic  pressure.  The 
periphery  of  the  roller  a  moves  it  exactly  the  same  rate  as  the  periphery  of 
the  cylinder  R,  and  in  the  direction  described  in  the  drawing.  The  roller 
a  is  made  to  fit  in  exactly  between  the  inside  of  the  caps,  descrioed  in  fig.  385, 
so  that  it  shall  only  press  upon  the  paper  covering  the  surface  of  the  pervious 
cylinder.  The  surface  of  the  roller  A  should  be  smooth,  and  the  paper  will 
adhere  to  it  instead  of  the  pervious  cylinder  R,  and  be  led  round  by  it  to 
undergo  a  second  pressure  between  the  roller  a  and  the  roller  b,  which 
latter  has  a  pervious  surface,  consequently  the  paper  will  be  produced 
sufficiently  dry  for  leading  oflf  to  the  cutting.  It  is  well  known  by  paper- 
makers,  that,  independent  of  the  quality  of  the  materials,  the  strength, 
smoothness,  and  beauty  of  papers  depend  upon  the  arrangement  of  the 
fibres  of  rag  of  which  it  is  composed ;  that  in  a  well-made  sheet  of  paper 
the  fibres  are  ranged  in  a  horizontal  and  parallel  direction,  and  a  manu- 
facturer describing  such  a  sheet  of  paper,  would  say  tliat  the  stuff  was  well 
shut,  which  quality  all  paper  must  possess  in  a  greater  or  less  degree, 
because  otherwise  the  parts  of  the  sheet  will  scarcely  cohere  together,  the 
surface  will  be  rough,  the  thickness  uneven,  and  the  paper  devoid  of 
beauty,  and  not  adapted  for  use.  In  the  modes  of  paper-making  exercised 
hitherto,  this  indispensable  object  has  been  accomplished,  by  shaking  the 
mould  or  wire  on  which  the  pulp  is  settling,  so  that,  as  the  water  runs  off, 
the  fibres  are  laid  fiat  upon  the  surface  of  the  mould,  and  arranged  in  a 
parallel  direction ;  but  in  making  paper  by  the  machinery  above  described, 
the  stuff  is  perfectly  well  shut,  without  any  shaking,  the  fibres  of  rag  being 
deposited  gradually,  in  a  longitudinal  direction,  by  means  of  the  friction 
which  takes  place  upon  the  cylinder,  in  consequence  of  its  motion  being  in 
an  opposite  direction  to  that  of  the  stream  of  pulp,  the  eflTect  of  which  is  to 
smooth  down  the  fibres  of  rag  as  tliey  are  laid  upon  the  cylinder,  and  it  is 
necessarily  continued  during  the  whole  time  of  the  formation  of  the  paper, 
and  must  be  uniform  througliout  every  part  of  it.  The  reason  of  introducing 
■o  large  a  quantity  of  water  into  the  pulp,  is  in  order  that  every  fibre  may 
be  afloat  separately,  and  at  liberty  to  take  a  direction  according  to  the 
influence  of  these  courses. 
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It  is  to  bf  observed,  (hut  [he  principle  hare  developed  would  adnut  <j 
IcH  cligilile  nuxtificilionj,  nich   u  confiiung'  >   bcxlj-   of  Uie   pulp  01  di  I 
•ur&ce  or  am  cntHen  well  of  woven  wire,  carried  round   cylinder^  u  in  dl 
outline  aection,  fig.  3S9,  or  mpponing  it  on  ■  cylinder  of  a  large  )ii(,iib 
the   outline  tection,  ti^.  390,  without  applying  the   pneumstic   pwaw  ■ 
either  <we. 

In  6g.  3S9  the  cylinder  a  b  c  should  be  hollow,  and  have  perrioui  «urfica 

In  fig.  39(1  the  cylinder  might  he  of  a  more  simple  construction  than  III 
dcicribeil  in  figs.  J80,  38),  383,  334,  and  3Si,  but  unleas  of  a  rttj  la| 
•iie  indeed,  rt  could  only  be  made  use  dI'  for  making  very  thin  papei^  H 
ctuiae  (he  water  rcquirei  so  long  time  to  run  oil'  before  th^  p'p"  will  adri 
of  any  mechanical  pressure.  i 

It  is  to  be  ohierved,  that  in  miking  paper  by  ihia  methoil,  afrer-i  ceilA 

Suanliiy  of  fibres  of  rag  are  deposited  on  the  lurtitce  of  the  cylinder,  it  im 
en  the  pauagc  of  the  water  and  the  accunuilatioa  of  more  bbrt*  todl 
cult,  that  without  a  considerable  height  of  pulp  the  pressure  wiU  iiM  li 
■ufflcient  to  force  the  water  through  the  cylinder,  3nd  the  librfi  of 
npon  it,  the  consequence  of  which  would  be,  thst  the  fibres  of  n  „  . 
lated  on  the  surface  of  the  cylinder  would  he  washed  off  by  the  pulp,  oi 
much  disturbed  before  they  arrived  at  the  point  T,  whitdi  is  the  level  of  1L  — 
pulp  in  the  baok ;  to  obviate  this,  it  will  be  necessary  to  add  Uie  preMonij 
the  atmoaphere  to  the  weight  of  the  water  in  making'  thick  papery  wiS 
■nay  be  dune  by  extending  one  nde  of  the  trough  V  below  the  lesd  ttlSt 
pulp,  so  as  to  caiuc  a  suction  under  that  part  of  the  cylinder  wbtdl  i 
covered  by  Ibc  pulp,  as  well  as  under  thm  part  which  h»  emerged  trtta  K 
For  this  purpose  a  wider  trough  would  be  neceaisry;  but  at  all  crei  ■"■ 
exact  proportion  of  the  cylinder,  covered  by  the  trough,  is  not  nu 
becauseit  will  be  found  by  experience  whiit  width  is  sufficient  fur  dryiDrdl 
paper,  so  as  to  enable  it  to  have  the  pressure  of  the  rgller  a.  The  roUcF* 
OQ^t  to  prcM  on  the  cylinder  R  about  the  point  which  U  over  ooe  aiila  rf 
the  trough  V,  and,  according  as  the  trough  is  shifted,  the  roller  slioutd  bs 
shifted  also;  but  this  pressure  ought  to  be  not  less  thin  forty-five  degretl 
nbuve  the  level  of  the  aii>,  becauae,  olheruise.  part  of  the  water  prvutd 
out  of  the  paper  will  be  absorbed  by  it  a^in,  whereas,  from  the  posTian  it 
lets  in,  in  the  drawing,  fig.  3S7,  the  wster  will  be  sucked  into  the  troo^. 
The  roller  a  should  not  be  tiicd  in  bearings,  but  confined  down  upon  the 
cylinder  by  weights,  ^itspended  upon  each  end  of  the  itia,  which  msy  be 
ailjusted  according  to  circumstances,  and  in  all  casea  the  principal  preisnw 
should  be  upon  the  roller  b.  The  water  which  runs  through  the  cyUndrr  it 
figs.  387  end  388,  and  out  at  the  end,  falls  in  the  first  insunce  into  the  cis- 
tern C,  from  whence  it  pisses  through  the  pipe  d  into  the  cistern  (^  ind 
from  thence  is,  by  means  of  a  pair  of  double-aclingpumps,//,  forced  tbrongi 
the  pipe  K  into  the  vessel  L,  so  that  it  continually  returns  for  the  nine  DinpMe 
of  conducting  the  pulp  to  the  cylinder  from  the  pipe  J.  The  pipe  G  ii  a  art 
of  gauge,  by  means  lif  which,  after  the  pulp  rises  to  a  proper  beiglft  in  the 
vessel  L,  the  remainder  of  the  water  is  earned  oil*  into  the  cistern  C,  whett 
there  msy  be  a  waste  pipe  for  conveying  off  the  superfluous  quantity.  The 
water  drawn  from  the  cylinder  R,  throug-h  the  trough  V,  by  means  of  the 
air  and  water  pumps  X  X,  may  run  to  waste.  The  size  of  the  cyhoder  B, 
and  of  the  trough  V,  must  be  regulated  iccording  to  the  substance  and  dt> 
niensiuns  of  the  paper  it  is  intended  for  nuking.  Fifteen  inches  will  be 
sufficient  for  the  diameter  of  a  cylinder  intended  fijr  miking  paper  equal  ia 
substance  to  s  paper  twenty-twu  inches  by  seventeen  inches  and  a  Ut, 
weighing  twenty  pounds  per  ream  ;  the  ten)^h  of  tlie  cylinder  it  entirely 
arbiirary.    1'lie  Ihickiicm  of  the  puper  made  by  a  cylinder  may  be  MfpHUd 
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in  vftrioos  wtys :  first,  by  using  cylinders  of  various  diameters ;  secondly,  by 
accelerating  or  reiarding  the  Dioticm  of  the  cylinder;  thirdly,  by  varying  the 
proportion  of  tlie  surface  of  the  cylinder,  which  is  covered  with  pulp; 
fourthly,  by  varying  the  consistency  of  the  pulp.  The  periphery  of  the  cylin- 
der oti^it  to  move  at  the  rate  of  about  thirty-six  feet  per  minute ;  the  pulp 
ought  at  all  events  to  be  very  thin,  and  therefore  the  most  eligible  mode 
of  adjusting  the  thickness  of  the  paper  would  be  by  varying  the  pro- 
portion of  the  surface  of  the  cylinder,  which  is  covered  with  pulp ;  conse- 
quently for  thicker  papers  a  larger  cylinder  would  be  necessary,  or  a  back 
may  be  made  use  of,  extending  higher  up  towards  the  point  Z,  so  as  to  cover 
ft  larger  proportion  of  the  surface  of  the  same  cylinder  :  and  for  thinner  paper 
ft  back  might  be  made  use  of  covering  less  of  the  cylinder  as  in  fig.  390,  by 
means  of  the  cock  in  pipe  J.  The  quantity  of  pulp  supplied  to  the' cylinder 
can  be  adjusted  with  the  greatest  accuracy,  consequently  the  thickness  of 
the  paper  may  be  preserved  uniform,  or  varied  at  discretion,  provided  the 
thickness  of  the  pulp  in  the  chest  A,  and  the  motion  of  the  cylinder  R  be 
continued  uniform.  By  means  of  the  gauge  pipes  Q  the  level  of  the  pulp  in 
the  back  P  can  be  varied  till  the  most  eligible  point  for  the  cylinder  to  emerge 
from  the  pulp  is  ascertained,  and  the  supply  of  water  tlirough  the  pipe  r 
must  be  adjusted  accordingly.  It  may  be  laid  down  as  a  general  rule,  that 
the  thicker  the  paper  the  higher  sbotikl  be  the  level  of  the  pulp  in  the  back. 
In  order  to  close  the  trough  V  tight  upon  the  cylinder  R,  the  patentee  pro- 
poses packing  it  all  round  the  top,  where  it  comes  in  contact  withinside  of 
the  cylinder,  as  at  the  points  n  n,  in  the  section  fig.  380. 

The  mode  of  packing  is  so  well  known,  that  it  is  unnecessary  to  give  any 
description,  except  the  representation  in  the  drawing.  The  friction  of  the 
back  P  upon  the  cylinder  may  be  taken  off  by  strips  of  woollen  cloth  or 
leather,  particularly  at  the  line  across  from  the  point  S. 

Figs.  391  and  392  arc  for  the  purfjose  of  explaining  a  more  simple  mode 
of  construction.  A  is  a  hollow  cylinder,  with  a  pervious  surface,  which  may 
be  used  in  cases  when  the  pneumatic  pressure  is  not  applied;  a  a  a  is  the 
thread  of  a  screw ;  b  b  b  represent  cross-bars,  carried  across  the  internal 
aurftce  parallel  with  the  axis.  The  best  mode  of  constructing  it  will  be  to 
cast  a  cylinder  with  the  bars  in  the  inside,  and  to  cut  the  screw  deep  enough 
to  form  an  opening  between  every  bar.  It  should  be  furnished  with  cross 
wires,  c  c  c,  and  covered  with  wove  wire,  in  tlie  same  way  as  the  cylinder 
R.  It  might  be  made  on  a  larger  or  smaller  scale,  according  to  the  purpose 
for  which  it  is  required.  The  roller  6,  in  figs.  387  and  388,  may  be  made 
in  this  manner,  but  stronger,  as  a  great  degree  of  pressure  is  intended  to  take 
place  upon  it. 

When  the  machinery  is  to  work,  the  agitator  and  pumps  should  be  set  in 
motion,  first  by  turning  the  shafl  K.  and  then  the  cylinder  R,  by  means  of 
the  cog-wheel  P,  which  gives  motion  to  the  rollers  a  and  6,  by  cog-wheels  g 
and  r.  The  mode  of  giving  motion,  and  the  situation  of  the  pumps  and 
stuff-chest,  may  be  arranged  according  to  convenience,  but  the  motion 
ought  to  be  perfectly  regular. 
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COTTON  MANUFACTURE 

Cotton  is  a  fibrous  vegetable  substance,  the  produce  o{t 
Bmnll  tree  called  the  goss^pitim,  nr  cotton  plant,  which  gnwi 
niiiurally,  and  is  much  cultivated,  in  tbc  tropical  regtotuof 
A«ia,  Alrica,  and  America. 

The  cotton,  when  collected  from  the  pod,  contaioa  the  Kejk' 
Md  pieces  of  the  husk  by  which  ii  wan  enveloped  is  atl3cbt| 
to  it;  it  has  therefore,  preparatory  to  being  subjected  to 
operation  of  spinning,  to  undergo  a  procesn  that  will  divciliC 
of  these  superfluous  parts.  Ihe  ancictit  mode  of  efT^cti^f 
this  M3S  by  whni  is  termed  bowing  it;  that  is,  exposing  ii  U 
the  action  uf  a  bow,  about  ioiir  feet  long,  auch  a»  is  utcd  1^ 
\he  present  day  by  hatters,  Tlie  process  consisted  merelyi 
placing  the  cotton  upon  a  square  table  with  horizontal  chinl 
cut  through  ii,  and  submitting  it  to  the  repeated  action  of  ij 
bow  until  the  dust,  seeds,  and  superfluous  parts  hadseparail 
and  fallen  through  the  chinks.  This  inconvenient  and  dc«n 
tory  mode  has  in  modern  times  been  superseded  by  a  far  ma 
effectual  and  expeditious  one,  by  the  application  of  a  machii 
called  a  gin.  Gins  are  of  two  kinds,  the  one  called  the  roUc 
gin  i  the  other  the  saw-gin.  B 

IIk  r«ller-fin  is  reprmnled  in  ig,  399.  It  coiuiita  ef  two  stMllew  ft^^l 
MDen  a  ttutt,  placnl  wa  near  to  euh  otberi  thM  wjien  the  cotton  i«  ItwjB 
■goitm  the  line  »-bere  they  enter  into  Enntacl,  Ihi-jr  imntediatflv  se'ue  holdlf^ 
it  and  draw  it  iti  belwcen  'hem,  » liile  the  Sii^ls  iinil  oti.er' p«rticle»,  IMt 
being  Me  to  pan  Ihrcrugh,  fnll  into  (he  box  K,  mhI  uve,  by  the  slannng  iC-' 
reclioii  nfils  botlom,  dclivcreil  on  oiie  lide.  The  million  is  coinmuiiicHed 
by  meant  of  the  treadle  and  cnnk  C  D,  ind  ii  eijualizcd  by  the  By-«hccl 

E.  The  cultun  rs  gircsenicd  to  thp  rollen  nver  the  board  /ir,  and  ii  dnn 
between  them,  and  dt^livered  at  I  11.    In    South  America  this  kind  of  gii 
is  miidi  lued,  and  ■  negro  wnrkini;  with  one  orthrm  can  clean  rrom  30  ll»< 
to  40  lbs.  weight  of  cotton  per  diiy,  which,  however,  is  cunaideKd  betfj    t 
work. 

I'lie  taw-gin  is  pvcn  in  aection  in  fig.  400.  The  cotton  is  thrown  into  the 
receptacle  A  B,  On  that  sidi:  inaiktd  C  U,  which  is  furnied  of  uronf;  Itiro- 
placed  panllel  to  each  oilier,  to  idiiiil  the  circular  SHWa  E,  hied  on  the  uii 

F,  behind  the  grxtinfT.  about  an  eighth  of  iin  inch  apun,  to  paia  betvea  ' 
them.  By  this  meaoi,  ihe  icctU  of  the  saws  seize  hold  of  the  coitun  and  dn« 
il  through  liie  bars;  and  the  aeedi  and  other  superfluous  purts,  being  tM 
balky  to  pssa  through,  remain  behind,  and  e^enHially  full  Ihrougb  the  ap<«-' 
ture  b.  The  cntiun  is  bniahed  from  the  saws  by  a  circular  brush  H,  nMa 
to  revolve  rapidly  on  its  axis.  The  motion  Is  cummunicsied  bj  maniul  or 
any  nlher  po«  er  applied  to  the  aiis  F,  upon  one  end  of  «  '  "  "    "      '       '    ' 


;tmg  ir 


nM,ll 


iiidoiil 


I gf the  brush. 


The  application  of  the  power  of  horses  to  either  the  roller, 
or  saw-gin,  would  greatly  aid  the  process,  which,  as  we  be* 
fore  have  siatt:d,  is  considered  heavy  work  for  the  itcffoti, 
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and  on  that  account  is  much  avoided.  An  objection  has  been 
started  to  the  applying  of  this  poM^er,  under  a  supposition^ 
that  the  aniroai  hv  changing  his  speed  would  injure  the  cotton; 
it  is  almost  superfluous  to  add  that  many  simple  contrivances 
may  be  adapted  to  equalize  the  motion,  and  prevent  these 
dreaded  effects. 

\\  hen  the  cotton  has  undergone  either  of  these  processeSi 
it  is  packed,  and  exported  to  the  European  markets. 

When  it  arrives  in  this  country,  it  is  again  submitted  to  thf 
action  of  machinery  for  the  further  separation  of  the  extra- 
neous matter,  unless  it  is  to  be  spun  into  coarse  yarn,  when 
the  preceding  process  is  considered  sufHcient. 

The  first  machine  that  we  shall  describe  as  used  in  this  country  for  the  fur- 
ther clfuniii;'  of  the  particles  is  called  ^picker,  and  is  represented  in  fig'.  393. 
A  and  B  are  two  rollers,  having*  au  endless-cloth,  C  D,  stretched  over  them. 
This  clotli  is  chlled  the  fecding'-cloth,  and  its  upper  surface  is,  by  the  revolu- 
tion of  the  roUera,  always  carried  towartls  D.  £  and  F  are  two  fluted  rr^Ilcra, 
which  nearly  touch  each  other,  and  revolve,  so  that  their  touching  surface t 
pass  towards  G  U.  G  H  1  K  are  cylinders,  covered  on  their  outer  surface* 
with  long  blunt  pins,  muking  about  250  revolutions,  in  the  direction  of  the 
letters,  per  minute.  L  L  is  a  {i^rating  of  wires  for  the  seeds  to  fall  throufj^h, 
when  the  cotton  carried  by  the  feeding-cloth  is  delivered  by  the  small  roUcn 
upon  the  face  of  G  II.  Ry  the  rapid  revolution  of  G  H,  the  cotton  is  thrown 
Against  the  top  O  V,  and  is  curried  forward  and  delivered  upon  the  cylinder 
I  K,  which  in  like  manner  carries  it  mpidly  round,  draws  it  over  the  grating, 
and  delivers  it  back  upon  the  lower  face  of  G  H,  which  af^er  having  drawn 
it  over  the  remainder  of  tlie  grating,  and  divested  it  of  the  remainder  of  the 
seeds  and  particles  of  dust,  deposits  it  in  the  box  R  R. 

This  machine  is  liuble  to  injure  the  staple  of  the  cotton,  and  is  therefore 
mipcrseded  by  another  called  a  butter^  represented  in  fig.  401.  In  this  ma- 
chme,  the  feeding-cloth  vpon  the  rollers  A  and  R  carries  forward  the  cotton 
to  the  rollers  c  and  </,  which  deliver  it  upon  the  curved  rack  or  grating  dff 
"while  a  scotcher,  gh,  revolving  rapidly  upon  its  axis,  strikes  the  cotton  with 
its  two  edges  f;  and  h,  .'tnd  divides  it;  at  the  same  time  a  draught  of  air,  created 
by  the  revolution  of  the  fan  I,  blows  tlie  cotton  forwanl  over  the  grating  K  K, 
divests  it  of  tlie  superfluous  parts,  and  ultimately  deposits  it  in  a  box  at  tl)^ 
end. 

The  cotton  is  now  considered  in  a  state  fit  for  the  operation 
of  spinning;  which  is  differently  performed  according  to  the 
purposes  to  which  the  yarn  is  to  be  applied.  'Hie  diflferent 
sorts  of  spinning  may  be  classed  under  the  respective  heads 
of  Jenny,  mule,  and  water  spinning. 

jMuie-sfiintiing-y  which  is  by  far  the  most  perfect  process, 
and  by  which  the  finest  yarn  is  produced,  shall  first  have  our 
attention. 

In  this  process,  when  the  finest  yarn  is  to  be  produced,  the 
cotton,  instead  of  being  submitted  to  the  operation  of  either 
of  the  machines  before  described,  is  cleansed  entirely  by  the 
hand.    The  mode  of  effecting  this  is,  by  spreading  the  cotton 
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upon  a  strong  netting  of  cords  stretched  on  a  frame,  and  beat- 
ing it  with  osier  wands  till  divested  of  its  impurities.  It  then 
undergoes  the  elementary  operations  of  carding,  drawing, 
stretching  and  plying,  and  twisting;  the  whole  of  which  are 
essential  in  the  manufacture  of  mule  yarn. 

Carding  is  performed  by  two  kinds  of  engines,  one  of  which, 
called  the  breaker,  operates  upon  the  cotton  preparatory  to  its 
being  submitted  to  the  operation  of  the  oiher,  called  the 
finisher. 

A  card  is  a  kind  of  brush,  formed  by  making  wires  into  the  form  of 
stapleB,  as  represented  in  fig.  394.  The  two  legs  of  the  staples  arc  placed 
through  holes  in  a  flexible  piece  of  leather,  and  present  to  the  side  view  a 
form  similar  to  that  shown  in  the  figure,  where  A  B  is  the  leather,  and  V  D 
the  wires  forced  through  it.  Cards  ure  formed  in  two  ways;  tJic  one  ciHed 
eheet-curd,  is  made  about  four  inches  wide,  and  18  inches  fong,  or  of  a  lengih 
corresponding  with  the  width  of  the  main  cylinder,  which  they  have  lo  cover; 
the  otlier,  called  fillet-card,  is  made  in  one  continuous  band  or  fillet,  and  i» 
used  for  covering  the  doffcr  cylinder.  The  teeth  of  the  fillet-card  are  pUccd 
pointing  in  the  clirectiou  of  the  length  of  the  fillet,  and  completely  cover  the 
cylinder  to  which  they  are  applied;  whereas  in  shect-canls  a  space  is  Icfl  be- 
tween every  sheet,  as  may  be  seen  on  the  main  cylinder,  fig.  .'S95. 

Fig.  395  represents  a  sectional  view  of  the  immediate  working  parts  of  a 
breaker  carding-eng^ne.  A  is  the  main  cylinder,  covered  with  sheet-ciinU; 
B  the  doffcr  cylinder,  covered  with  fillet-card;  C  C  C  are  the  tops;  c/f  «*  the 
feeding-cloth  supplied  with  cotton,  which  has  been  previously  weiglied, 
moving  forward  over  tlie  roller,  /,  by  means  of  tlie  roller  g,  and'  delivering 
the  colton  between  tlic  fcedin^-rolIers  I!  II,  which  cam  it  to  the  main  cy- 
linder. The  main  cylinder  revolves  nipidlv  in  tlie  din  cVion  ni  the  lUrt,  .md 
carries  the  cotton  iipwiird  l)etween  itself  and  the  tops,  whlrh  urc  covi-td 
with  sheet-cjurds,  about  1;  inc.hesj  to  J  jiiciies  wide,  so  that  the  y  may.  :ts 
nearly  as  possible,  follow  the  cune  of  the  main  cylinder.  1  is  the  bppin^'"- 
cylinder,  Ijaving  a  wooden  roller  I',  luyinjjf  ii[)on  its  upper  surface;  and  K 
is  the  dotVer  or  taker-oiV,  having  afiixed  to  it  the  steel  coinb  called  ihc 
dofhng'-plale. 

The  (lofling"- plate  nui}  he  se^n  more  at  brg-e.  in  fig-.  196,  which  re^vre'^cnts 
at  front  view  of  the  dotiVr  cslinder  on  a  larger  seale.  On  itispcctin;c  tliis 
figure,  it  will  be  seen,  that  the  doOing-plate  LI.,  who-se  hnver  ed^'v  i.« 
formevl  like  a  comb,  is  fastened  across  the  whole  of  the  doH'er  cylimler,  ur.il 
is  supported  by  the  two  upri^'-hls  m  //*,  fastened  on  two  cranks  on  the  sij.vfl 
71''  n-^.  The  upper  ])arts  of  these  uprig-hts,  ///  ///,  are  fastened  to  corrcNponilirii^ 
cranks  at  n  //,  so  that  the  dolfint^'-plate,  ])y  the  revolution  of  the  shaft,  is  niuile 
to  move  downwards  while  in  contact  with  the  dolVer  cyTuhler,  and  iipwunis 
while  away  from  it.  The  cotton  is  taken  in  by  the  it:edin|^--rollcr>.  ui  ■!  is 
carried  uj)  by  the  main  cylinder  and  passed  between  it  ami  the  K^ps  or  Hits 
whose  teeth  lie  in  an  opposite  direction  to  those  of  the  njain  cylinder,  ati.l  hy 
whose  united  action  the  cotton  is  coml)cd,  dividetl,  and  cleansed,  and  it* 
fibres  placed  in  a  direction  ujore  parallel  to  each  other. 

The  main  cylinder,  by  its  revolving  motion,  is  soon  covered 
with  cotton,  and  is  divested  of  it  by  the  doft'cr  cylinder,  which 
is  placed  so  as  nearly  to  touch  it,  and  which  moves  at  a  much 
slower  speed,  in  the  direction  of  the  dart.  The  effect  of  this 
engine  would  therefore  be  to  distribute  the  cotton  equally  over 
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the  main  cylinder,  the  top  cards,  and  the  doiFer  cylinder;  but 
the  doffing-plate,  by  the  action  already  described,  is  continu- 
ally clearing  the  dofFer  cylinder;  whose  points  are  conse- 
quently left  bare  to  receive  a  fresh  supply  from  the  main  cy- 
linder. Ihe  doffing-plate  continually  strips  the  dofFer  cylin- 
der of  the  carded  cotton,  which  it  delivers  upon  the  lapping 
cylinder  in  one  continuous  web  of  about  18  inches  wide,  wnich 
is  the  usual  width  of  the  engines  for  fine  work. 

When  the  top  cards  are  covered  with  cotton,  an  attendant 
is  appointed  to  take  them  off  and  to  divest  them  of  the  cotton 
by  means  of  a  card  nailed  on  a  board,  which  be  carries  in  his 
hand  for  that  purpose. 

The  q\iantity  of  work  delivered  to  the  engine  is  ruled  by  the 
speed  of  the  cylinders  and  quality  of  the  cotton.  When  it  has 
passed  through  the  engine,  and  is  wound  upon  the  lapping 
cylinder,  (which  is  so  adjusted  as  to  contain  about  20  laps,) 
the  attendant  lifts  up  the  roller  P,  makes  a  division  in  the 
circular  web,  and  takes  it  off  the  roller. 

In  this  operation  we  are  presented  with  the  first  act  of  ply- 
ing or  doubling,  which  is  introduced  in  the  process  of  spin- 
ning in  order  to  obtain  equality  in  the  strength  and  thickness 
of  the  yarn. 

The  cotton  is  in  this  state  called  a  lap,  and  is  immediately  taken  to  a  finisher- 
engine,  which,  in  g^cncml,  is  disposed  back  to  front,  immediately  after  the 
breaker-engine,  as  hiay  be  seen  in  fig*.  397.  The  construction  of  the  finisher- 
engine  is  exactly  similar  to  that  of  the  breaker-engine,  except  that  instead  of 
iiaving  a  lapping  cylinder,  the  cotton,  when  it  leaves  the  dofier,  is  drawn 
through  a  mouth-piece,  R,  formed  like  the  end  of  a  trumpet,  by  means  of  the 
rollers  s  and  f,  and  is  delivered  into  the  can  W.  The  rollers  «  and  t  may  be 
seen  in  section  in  this  figure,  and  in  a  front  view  in  fig.  396.  Previously, 
however,  to  leaving  this  process,  we  shaU  make  a  few  remarks,  as  it  is,  with 
much  propriety,  considered  the  very  foundation  jof  all  good  spinning. 

The  breaker-engine  for  spinning  fine  cotton  is  generally 
covered  with  cards  of  a  fineness  that  will  admit  225  teeth,  or 
450  points,  in  a  square,  inch ;  and  the  finisher  275,  or  550. 
But  spinners  are  much  divided  on  this  subject,  and  in  some 
mills  the  same  work  is  performed  with  cards  one-fifth  coarser 
than  it  is  in  others.  The  top  cards  are  in  general  one-tenth 
coarser,  and  those,  of  the  dofFer  cylinder  one-tenth  finer,  than 
those  on  the  main  cylinder:  and  in  some  manufactories,  at  the 
back  part  of  the  engines,  where  the  cotton  first  arrives,  coarser 
top  cards  have  been  introduced,  with  a  view  of  divesting  the 
cotton  of  the  largest  particles  of  extraneous  matter,  and  in 
some  instances  have  been  iigain  laid  aside  as  superfluous. 
Cards  must  be  set  easy  in  the  leather,  which  should  be  thin 
and  strong.    The  card-eDgine  is  driven  by  a  strap  passing 
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from  a  drum  over  a  fast  and  loose  pulley,  fixed  on  the  shaft 
of  the  main  cylinder.  The  fast  and  loose  pulley  is  represent- 
ed in  fit;.  65 ;  and  its  utility  has  been  explained  in  the  article 

MlLL-GE£RING. 

To  return  to  the  manufacture,  the  cotton  which  is  now  in  the  can  from 
the  card-c  11)^1  ned,  in  tlic  form  of  a  aliver,  is  next  submitted  to  the  (>rocc»  of 
drawing  represented  in  tig.  S96.  In  this  process  three  or  four  canl-end^  ;ir€ 
brouglit  in  tin  cans,  ami  passed  between  the  rollers  A  R  and  C  D,  which  re* 
volve  u'ith  djfl'crent  velocities;  that  is,  the  rollers  C  and  1)  revolve  much 
quicker  than  A  and  R,  and  the  tup  rollers  A  and  C  are  made  to  press  upon  B 
and  1)  by  means  of  tlie  weigitt  e.  Now,  supposing  four  silvers  be  placed  to- 
gether, and  passed  through  the  rollers  A  B  and  C  U,  and  tliat  C  U  revoht.-  »o 
much  (quicker  than  A  B,  that  the  sliver  will  becomo  four  times  its  orijc.njJ 
len}^:h,  the  cotton  will,  by  such  elongation,  be  reduced  in  thickness  tfkK-e- 
fourths,  that  is,  to  the  same  thickness  of  a  single  sliver  when  first  broujclit  to 
tlte  rollers.  By  this  process  the  fibres  of  the  eotton  are  laid  more  para))..  I  lu 
each  other,  in  the  direction  of  the  length  of  the  sliver,  and  the  operation  i» 
repeated,  by  plying  the  blivers  wliich  have  passed  the  I'ollers,  and  p:L<s.r.^ 
them  through  a  similar  set.  The  sliver,  wiien  thus  plied  und  redac' J,  is 
drawn  through  the  mouth-piece  G,  by  the  rollers  £  and  F,  and  delivered  into 
another  can. 

After  the  cotton  has  been  plied  and  drawn  as  many  times 
as  the  spinner,  from  the  quality  of  the  cotton,  and  the  inteod- 
cd  quality  of  the  yarn,  considers  necessary,  it  is  carried  to 
the  roving- frame. 

The  rovhtff-frame,  which  is  much  used  in  naills  where  mnlc-spinning  is  car- 
ried rjn,  is  represented  in  fig.  4v'2,  and  is  termed  the  catL  ri/vhu^-fni/ne.  AR, 
two  rclKrs,  niovin;^  al  a  s)t).\  er  spt-<-(l  tlinn  C  D;  A  and  C  arc  j»rcss(d  uy  n 
*Uc  »«iii.  r.s  n  .11(1  I)  !iv  the  utij^'it  K,  us  may  be  svlu  in  afVuiii  view,  tii;-.  r.A 
uiiil  n:(^om,  li.i;.  Ii.'o.  riic  r.iri-,.  likf.  -iuJ.)  are  rcnrest-ntod,  ttjc  mu-  «.  :ii',  y.-i 
xfic  oibpr-oper.;  the  );itl«.T  opcr.s  ')\  means  ut"  hiiijrcs,  attvr  r;li^=:l^^  the  r.::,:  ^. 
The  cmis'are  c.ip.ibk-  of  ^.'^ol\  Ifiir  ujjon  tin  ir  spiijvllr?,  A  /<,  um;  ulv  sn:>}  ..k  .: 
in  an  upiiijw'p*"'''^*^'*  '-^y  ^'^^  vioilars  it,  and  have  at  tlieit  upper  extrcuiitlL^ 

Ifuvo  s]"\crs  lit"  cotton  ar.'  broutrht  from  the  drawing-franio,  ani!  p^<^iii 
betwci-n  the  i^lh  tn  A  II  aii-:  T  H,  the  p:oco=cs  of  i»lyinj^  luid  dv^y\  jii;  ..  :1; 
ig-aij:  ?:i)v('  ;>1  ".i  ;  ui;,)  \Uc  r-tlh  rs  (;  1)  wi)i  \v^,\  the  Ki\d  tluis  tm  :i,o...    i.T,-  the 

CMl  t  !'.!*•  ti|;^it  l!  •;  !i:.>Uth-l..'-^'.'  at  /f.  wllicll,  hv  n-vn|\  Im'^  Fa' -iHIx    ii:.<ii   ,•>     \N 

will  i,ii;).irr  :f^  tht  i  j-.J.  oi  shv*  r, :.  slii^hi  lic^n  c  of  t\i  1st.  When  tin;  c.n  >  •  Vii, 
thi-  roll.  .>  \\\  \]\Vit\\u  '>:.r  ot  jTx  1 1-,  and  tlic  motion  ceases:  tjic  c;in  ]«.  •!  ■  '. 
opv  M.  A,  ai:  i  t'i<-  C'Toii,  v,r  us  it  is  now  caDed,  the  io\Jnj:\  i<  t.ik-n  .  ;i-  ..i  : 
.veu:j-i  ai'-si.i  u..ii'..in,  .t-i'i  :ri  th:»l  sialc  iscarricd  to  a  niach.he  c^llcdailteicl.c:. 

Snme  obiv'ctinns  exist  against  this  species  of  rovinj;^;  fir*.t, 
from  the  r)t.ce^>ity  oftakinii:  the  ro\inij  out  of  the  can  for  the 
purpose  of  NviiKliini:  it  uj^oii  a  l)()bl)in,  dminc;  \vhicii  it  ib  lia!)lc 
to  sustain  nuun  damage  from  the  fibres  beinc;  \u  a  vc  rv  sliijht 
state  of  adhe>i')n;  and  secondly,  from  the  rovinjj  receivinij  its 
twist  solely  from  t!)e  revolution  of  the  can  in  which  it  rests 
and  by  which  the  twist  is  not  equally  diffused  over  the  whole 
length  of  the  roving.     The  first  objection  was  attempted  to 
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be  obviated,  by  placing  the  can  in  a  frame,  and  drawing  the 
roving  out  through  the  mouth-piece  at  which  it  entered ;  and 
SI  remedy  for  the  second  was  somewhat  unsuccessfully  at- 
tempted by  Mr.  Arkwright,  who  tried  to  introduce  a  pair  of 
rollers  upon  the  top  of  the  roving«-can,  to  seize  hold  and  feed 
the  roving  into  the  can  as  fast  as  it  was  received  from  the 
drawing-rollers.  This,  undoubtedly,  would  have  perfectly 
equalized  the  twist  throughout;  but  the  machinery  necessary 
to  produce  the  double  rotatory  motion  was  found  to  be  incon- 
venient, and  the  plan  was  in  consequence  abandoned. 

A  roving'-fraTne  of  a  different  construction,  which  obviates  the  preceding^ 
objections,  and  wliicb,  in  conficquoncc,  huH  received  more  general  adoption, 
is  represented  in  h^.  404;  it  is  called  the  bobbin  and  Jfier  rwine-frame.  The 
rollers  for  stretching  are  similar  to  those  before  described;  una  the  plied  and 
drawn  roving  is  represented  as  coming  from  the  rollers  at  A,  whence  it  passes 
through  an  eye  at  C,  over  the  top  of  the  spindle  D,  and  down  one  of  the  legs 
of  the  Hier  B  B,  which  is  for  that  purpose  formed  tubular.  By  the  revolution 
of  the  spindle  D,  generated  by  a  strap  acting  upon  the  pulle^  F,  the  fliers  are 
carried  swiftly  round,  and  twist  and  deliver  the  thread  upon  the  bobbin  E» 
which  is  moved  upwards  upon  the  spindle  by  raising  the  board  G  G,  upon 
which  it  rests,  descending  again  as  the  board  descends. 

The  roving  is,  by  this  means,  slightly  twisted  and  wound  upon  a  bobbin,  ia 
%  fit  state  to  be  immediately  carried  to  the  stretching-frame,  which,  being  very 
similar  in  its  construction  to  the  mule,  we  consider  it  necessary  only  to  give  a 
aide  view  of  one  of  the  spindles  of  a  mule,  shown  in  fig.  405.  A  is  the  place 
where  the  bybbin  from  tne  roving>frame,  (not  shown  in  this  figure,)  would 
have  been  situate;  and  ccc  are  three  pairs  of  rollers,  revolving  at  different 
speeds,  for  the  further  drawing  of  the  roving.  The  roving,  when  it  has  been 
thus  drawn,  is  brought  to  the  spindle  B,  which  is  fonned  of  polished  steely 
ground  slightly  tapering  to  the  end,  which  is  a  round  blunt  point.  The  spin- 
dle receives  its  motion  at  the  pulley  D,  by  means  of  a  band  passing  round  a 
drum  in  tlic  box  E  K  £;  which  drum  has  bands  passing  in  tlie  same  manner  to 
several  other  spindles.  When  the  mouon  commences,  the  carriage  £  K  B 
passes  backwanls  to  the  position  shown  by  the  dotted  lines,  and  carries  with 
It  the  spindles  to  tlie  position  B*;  during  which  the  spindle  revolves  rapidly  otf 
its  axis,  and  gives  a  certain  degree  of  twist  to  the  roving,  which  already  has 
andcrgone  a  reduction  in  diameter  by  passing  through  the  rollers  CCC.  The 
extent  to  which  the  frame  recedes  is  about  three  yaixls,  and  when  the  spindles 
have  given  the  requisite  deg^e  of  twist  to  tlie  yam,  it  returns  to  its  former 
place;  while  the  attendant,  by  moving  the  bar  II  upon  its  axis,  presses  the 
yarn  downwards,  by  means  of  a  piece  of  wire  R,  which  causes  it  to  be 
wound  upon  the  spindles,  so  as  to  form  a  figure  that  may  be  represented 
by  two  cones,  one  having  a  more  acute  angle  than  the  other,  placed  base 
to  base,  as  shown  at  A,  B,  and  B'.  This  form  is  termed  a  eop,  and  the  act 
of  so  distributing  the  yarn,  by  the  movement  of  II  K,  the  building  of  the 
cop.  ^ 

It  may  here  be  observed,  that  although  this  is  called  the 
•tretching-frame,  the  yam  is  not  stretched,  but  merely  under- 
goes a  further  process  of  drawing  and  spinning,  and  that  the 
itretching  ia  not  performed  till  in  the  next  operation,  which 
is  performed  upon  the  mule,  and  termed  spinning. 
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The  yarn,  delivered  from  ihc  stretchtng- frame  in  the  form 
«f  a  cop,isiaVcn  to  the  cnule,  which  is,  though  much  lighter, 
both  in  the  form  and  action  of  the  pnrts,  very  similar  to  tht 
etretching- frame.  The  spindles  also  are  of  a  smaller  size,  and 
are  situated  nearer  to  each  xnher. 

The  tni/le  apinniug-frame  differs  from  that  of  the  stretching- 
frame  insomuch  as  the  act  of  stretching  is  added  to  the  other 
operations ;  for  when  the  frame  £  E  E  has  receded  a  certain 
distance,  generally  about  one  yard,  the  rollers  C  C  C  cease  to 
move,  and  the  frame  stiil  continuing  to  recede,  stretches  the 
yarn.  During  this  process,  the  spindles  on  the  frame  E  E  E 
move  considerably  quicker,  in  order  to  save  time.  The  stretch- 
ing is  performed  with-a  view  to  elongate  and  reduce  those 
places  in  the  yarn  which  have  a  greater  diameter,  and  are  less 
twisted  than  the  other  parts,  so  that  the  size  and  twist  of  the 
yarn  may  be  more  uniform  throughout.  When  the  cops 
are  full,  they  are  taken  from  the  moving  spindles,  and  placed 
on  stationary  parts  of  other  mules,  as  at  A,  and  the  yarn  is 
again  submitted  to  the  same  process,  until  it  is  reduced  and 
spun  to  the  proper  fineness,  both  as  respects  the  diameter  and 
the  twist;  during  the  whole  of  which  process,  the  yam  can 
be  continually  joined,  so  thai  the  cops,  which  are  in  separate 
pieces,  can  be  added  to  each  other  in  parts,  or  otherwise,  as 
the  continual  elongation  of  the  yarn  in  the  course  of  the  dif- 
ferent operations  of  each  niuEe  maj'  require.  The  pieces  ar« 
joined  by  children, callcd/iiffcrA-,  who  are  in  attendance  on  each 
mule,  to  Join  any  yarn  that  may  be  broken  in  the  act  of  stretch- 
ing or  twisting. 

The  drums,  which  drive  the  spindles  in  those  parts  of  the 
mule  that  recede,  receive  their  moii'ons  from  bands  commu- 
nicating with  the  moving  power ;  but  the  advancement  and 
recession  of  the  carriage,  for  the  purposes  of  receiving,  and 
atretchingtheyarn,  as  before  described,  is  performed  by  means' 
of  a  wlieel  moved  by  hand-labour.  A  spinner  is  enabled  by 
experience  to  judge  of  and  regulate  both  these  operations,!! 
also  the  building  of  the  cop,  which  is  a  matter  of  vcrj-  great 
nicety;  fur  if  the  cop  is  not  well  built,  the  yarn  will  not  run 
off  even  when  it  is  to  be  used.  The  number  of  spindles  on  a 
mule  amount  frequently  to  300,  The  yarn  produced  by  mule- 
spinning,  being  by  far  the  most  perfect,  is  employed  in  the 
fabrication  of  the  finest  articles^  such  as  lace  and  hosieiTi 
and  when  it  is  twisted  in  two,  four,  or  six  plies,  is  used  for 
sewing- thread. 

yenny-apinning  is  of  earlier  date,  and  a  much  tess  perfect 
process  than  mule-spinning;   consequently   it   is   but  little 
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used,  except  in  the  manu£Rcture  of  yarn  for  coarse  goods.  In 
tbis  spinning,  the  cotton,  after  having  been  cleansed  by  some 
of  the  processes  already  described,  is,  preparatory  to  being 
exposed  to  the  action  of  the  jenny,  immersed  in  a  solution  of 
aoap  and  water,  to  divest  it  of  the  glutinous  matter  generally 
found  on  the  surface  of  this  and  odier  vegetable. fibres ;  it  is 
then,  after  the  soap  and  water  has  been  pressed  from  it,  put 
into  a  warm  stove,  and  when  dr^,  is  considered  to  be  in  a  fit 
state  to  be  exposed  to  the  operation  of  the  carding-engine. 

The  carding-engine  used  in  jenny-spinning  is  di&rent  in 
its  construction  to  the  one  before  described ;  for  in  mule  and 
water  spinning  there  is  a  breaker  and  a  finisher-engine ;  but 
the  engine  used  in  this  process  is  called  the  double-engine ; 
the  first  part,  or  breaker,  is  in  the  same  frame  with  the  second 
part,  or  finisher,  and  the  doffer  from  the  first  part  delivers  the 
cotton  upon  the  main  cylinder  of  the  second  part,  which,  in 
like  manner,  delivers  it  upon  the  second  doffer.  The  second 
doffer,  instead  of  being  covered  with  fillet-cards,  as  the  doffer 
of  the  single  engines,  is  covered  with  sheet-cards,  like  the 
main  cylinder,  but  being  of  smaller  dimensions!  has  generally 
only  twelve  cards  upon  it ;  therefore  the  web  of  cotton  combed 
from  such  doffe|[  by  the  doffing^plate  is  not  in  one  continuous 
piece,  but  in  several  pieces  or  portions,  equal  to  the  quantity 
attached  to  each  sheet-card  upon  the  doffing-cylinder. 

As  the  several  small  portions  are  delivered  by  the  comb, 
they  fidl  into  the  concave  part  of  a  smooth  arc  that  is  equal 
to  one-third  of  a  circle.  In  this  arc  a  cylinder  of  smooth 
mahogany  slowly  revolves  in  such  direction  that  the  lower 
surfiice  in  the  arc  passes  from  the  engine.  This  cylinder  has 
small  cavities  or  flutes  on  its  surface,  in  a  parallel  direction 
to  its  axis ;  the  angles  on  the  projections  between  the  flutes 
are  taken  off,  so  that  the  several  portions  of  web  which  fall 
from  the  doffer  into  the  arc  are  seized  by  the  flutes,  and  car- 
ried forward  on  the  concave  face  of  the  arc,  and  formed  into 
a  sliver,  about  half  an  inch  in  diameter,  and  of  a  length  cor- 
responding with  the  breadth  of  the  carding-engines,  which  is 
about  from  24  to  34  inches.  The  portions  thus  rolled  are 
called  rows,  rolls,  or  rowans. 

In  this  state,  the  cotton  may  be  considered  in  the  same 
relative  state  of  progress  as  a  card-end  in  mule  or  water 
spinning ;  but  it  is  evident  that  this  mode  of  spinning  is  very 
deficient  for  the  purposes  of  fine  yam,  insomuch  as  in  the 
rowans  the  fibres  of  the  cotton  are  laid  across  the  lonptudinal 
direction  in  which  they  are  to  be  spun,  so  that  the  advantage 
derived  in  tfie  other  process  of  cardingy  from  the  fibres  being 
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placed  in  a  direction  parallel  to  the  intended  length  of  the 
yarn,  is  entirely  lost.  In  this  process,  also,  the  advaaiage  of 
plying,  which  we  have  noticed  as  taking  place  on  the  lapping 
cylinder,  is  omitted. 

When  the  rowans  are  perfected  by  the  mahogany  cyliader, 
they  are  taken  up  by  children,  and  placed  upon  the  feeding- 
cloth  of  a  machine  called  the  billy,  or  roving-billy,  the  opera- 
tion of  which  is  called  roving  or  slubbing;  but  the  latter  ex- 
pression is  now  but  seldom  used,  except  in  the  manufacture 
of  woollen.  This  machine  is  in  Us  construction  and  action 
very  similar  to  the  mule,  as  is  the  feeding-cloth  to  that  de- 
scribed in  the  machine  called  the  picker  and  baiter. 

The  feeding-cloth  lays  in  a  slanting  position,  and  the  rowans 
are  placed  upon  it  so  that  they  can  pass  lengthwise  in  the 
direction  of  its  action,  and  be  delivered  over  the  upper  roller 
between  two  pieces  of  board  which  possess  a  capability  of 
clasping  and  again  relieving  them.  The  rowans  are  then  at- 
tached to  revolving  spindles,  which  have  an  advancing  and 
--ceding  motion  similar  to  the  mule  or  drawing-frame.     By 

18  revolution  and  recession  the  spindles  perform  the  opera- 
on  of  spinning  and  stretching  ;  and  afWch  intervals  as  the 
spindles  are  stretching  and  twisting,  the  HHing-cloth  stops, 
and  the  clasps  seize  hold  of  the  roving,  ancrdetain  it  till  suf- 
ficiently spun  and  twisted,  when  it  relieves  it  in  order  to  allow 
a  further  portion  of  the  rowan  to  be  fed.  The  roving  having 
by  this  means  received  a  certain  degree  of  twist,  is  built  on  a 
spindle  in  the  form  of  a  cop,  as  in  mule-spintit*^  and  is  then 
taken  to  the  machine  called  the  jenny.  ~  j. 

The  operation  oi  ihc  jenny  is  nearly  the  same  as  thi;  roving- 
billy;  the  only  material  difference  is,  that  the  cops  of  roving 
to  be  spun  are  fixed  upon  a  moving  carriage,  which  has  clasps 
to  hold  the  roving  while  in  the  act  of  being  stretched  and 
spun  into  yarn. 

Having  now  concluded  the  process  of  jenny-spinning,  it  will 
be  seen,  that  drawing  and  plying,  the  two  essential  requisites 
for  producing  fine  yarn,  by  placing  the  fibres  parallel  to  the 
length  of  the  twist,  are  wanting,  and  that  fine  yarn,  in  conse- 
quence, cannot  be  produced  ;  but  the  fibres  in  this  process 
being  placed  in  a  direction  more  across  the  length  of  the  twist, 
give  to  the  yarn  a  rich  fulness  which  renders  it  preferable  for 
the  weft  of  heavy  goods,  for  which  it  is  esteemed. 

Water-spinning  differs  both  from  the  mule  and  jenny-spin- 
ning i  but  the  carding  and  drawing  machines  are  the  same  as 
those  used  in  the  process  of  mule-spinning.  When  the  cotton 
has  passed  through  the  carding  and  drawing  machines,  it  is 
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carried  to  the  spinniDg-frame,  which  is  upon  a  different  prin- 
ciple to  the  mule,  and,  indeed,  is  more  closely  allied  to  the 
bobbin  and  flier  roving-frame. 

One  of  these  spindles  is  represented  in  fig.  406.  A,  the  bobbin,  brought 
firom  the  roving-frame;  B  C  and  £  guides  for  the  yam  to  pass  through; 
G  G  G  three  paurs  of  rollers  to  perform  the  office  of  drawing;  and  H  a  flier, 
formed  solid,  and  having  at  the  end  of  one  arm  a  small  twist  like  a  cork- 
screw, through  which  the  yam  passes.  By  the  revolution  of  the  flier  the 
3rani  receives  the  requisite  degree  of  twist,  and  is  wound  upon  the  bobbin, 
which,  by  the  movement  of  the  seat  1 1,  on  which  it  rests,  has  an  upward 
and  downward  motion,  in  order  that  the  yam  may  be  received  upon  it  regu- 
larly. The  guide  C  has  a  slow  reciprocating  motion  in  the  direction  of  Uie 
axes  of  the  rollers  G  G  G,  by  which  the  roving  is  moved  over  the  sur&ces 
of  the  rollers,  so  that  the  parts  wear  uniformly. 

In  water  twist-spinning,  the  operation  of  stretching  is  not 
introduced.  The  motion  is  transmitted  from  the  first  mover 
to  the  drawing  and  rovine  frames  by  means  of  bevel-wheels, 
placed  on  the  end  of  the  frame.  These  wheels  communicate 
motion  to  the  rollers,  which  have  spur-wheels  upon  their 
shafts,  adapted  to  give  motion  to  each  other  by  intermediate 
wheels,  which  give  to  the  lower  rollers  motion  in  the  proper 
direction.  The  spindles  receive  their  motion  from  bands 
communicating  with  the  drum  K,  represented  by  the  dotted 
Jiaes.  This  construction  of  a  water  spinning-frame  is  called 
a  throstle^  and  the  diiFerence  which  characterises  it  from  that 
properly  called  the  water-frame  is,  that  the  cylinder  K  runs 
through  the  whole  length  of  the  frame,  and  gives  motion  to 
all  the  spindles  at  once;  whereas  in  the  water-frame  the 
spindles  are  moved  by  an  upright  pulley,  communicating 
motion  to  only  one  set  of  six  spindles,  which  is  an  advantage, 
as  the  motion  of  one  set  can  be  stopped  without  stopping  the 
motion  of  the  whole.  But  as  the  water-frame  is  tar  more 
expensive  than  the  other,  it  is  a  matter  of  doubt  which  ought 
to  be  preferred. 

The  several  sorts  of  yam  have  each  their  peculiar  destina- 
tion. The  yam  from  mule  and  jenny  spinning  is  taken  from 
the  frame  in  the  form  of  a  cop;  tnat  from  water-twist  is 
wound  upon  a  bobbin.  The  yarn  from  water-frames  possesses 
much  regularity  and  strength,  and  is  mostly  used  for  the  warps 
of  heavy  goods,  such  as  fustians  and  strong  calicoes.  If  the 
yarn  has  to  be  packed  for  the  market,  it  is  reeled  upon  a  frame 
consisting  of  six  horizontal  bars  supported  on  an  axis  parallel 
to  each  other. 

Is '  flmme  b  lepretented  m  lectioii,  in  fig.  407.    A  A  A  A  A  A  the 
bam  BiOitt  ssisi  ud  C  the  bobbin  from  the  water-frame.    The 
It  the  fireetion  of  the  twiit    These  reels  are  of  a  tuffi- 
ioff  about  A^  6op%  or  bobbins,  at  the  nine  ^me. 
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■  sue 

^L  When  the  reel  has  made  80  revolutions,  a  small  bell  that  » 

^r  connected  with  the  machinery  rings,  and  warns  the  attendant 

^ft  to  stop  the  motion  of  the  reel.     The  portion  thus  wound  i* 

H  called  a  lay,  and  seven  of  these  lays  wound  upon  the  sane 

^L  reel   constitute   a  hank,   which    is    taken    from    the  reel  by 

■^  causing  one  of  the  horizontal  bars,  supplied  with  a  hinge,  to 

■  fall  inwards.     The  circumference  of  the  reel  is  a  yard  and  a 
H  half;  consequently  the  hank  measures  840  yards.     The  size 

■  of  the  twist  is  expressed  hy  stating  how  many  hanks  go  to 
W  the  pound  weight:  thus,  the  yarn  called  N°  lOO  is  that  which 

taki^s  100  hanks  of  840  yards  each  to  weigh  an  avoirdupois 
pound.  Yarn  can  be  spun  upon  mules  as  fine  as  200  hanks  to 
the  pound  ;  but  in  waier-twist  and  jeony-spioning  it  seldom 
exceeds  60  or  TO. 

The  plan  of  the  buildings  in  which  the  cot  ton -spinning 
machinery  is  placed,  is  generally  in  the  form  of  a  parallel- 
ogram, of  a  length  proportionate  to  the  extent  of  the  manu' 
Ifacturc  carried  on  therein,  and  about  thirty  feet  wide.  In  the 
best  constructed  mills,  the  carding  and  other  preparaiorr 
machines  arc  placed  on  the  lowest  floor;  the  mules  and 
stretching  frames  on  the  next;  and  so  on  progressively  as 
the  machines  improve  the  fineness  of  the  yarn.  The  mules, 
jennies,  and  water-frames  arc  placed  with  their  line  of  i^^ 
dies  across  the  building  j  and  the  card-engines  have  the  axes 
of  their  cylinders  parallel  to  the  long  wall  of  the  building. 
Four  or  sis  rows,  breakers  and  finishers,  are  placed  alter- 
nately. 

The  steam-engine,  or  first  mover,  is  placed  at  one  end  of 
the  building,  and  the  motion  is  communicated  by  a  horizontal 
shaft  running  the  whole  length  of  the  building,  which  trans- 
mits the  motion  to  vertical  shafts  with  bevel-wheels,  which 
wheels  transmit  the  motion  to  horizontal  shafts  in  the  upper 
floors - 


WOOL  MANUFACTURE. 

This  well-known  staple  is  in  the  process  of  the  manufac- 
ture divided  into  two  distinct  classes,  lortff  wool,  or  wertttd 
spinning ;  and  short  wool,  or  the  spinning  of  100011111  yam. 


<  WORSTED  SFI! 


Having  by  means  of  machinery  accomplished   the   forma- 
tion of  a  thread  of  cotton,  the  application  of  the  piiiKiple  to 
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Other  fibres  would  naturally  follow ;  and  although  some  diffi- 
culty might  be  expected  to  occur  in  adapting  the  rollers  to 
diflfercnt  staples,  yet  this  was  soon  overcome.  The  methods 
of  forming  threads  from  long  wool  and  from  flax,  by  the 
hand,  were  very  different,  yet  each  was  spun  from  the  middle, 
not  from  the  end)  of  the  respective  fibre.  In  hand^spinning, 
the  pluck,  that  is,  the  portion  plucked  from  the  sliver  or 
combed  wool,  was  placed  across  the  fingers  of  the  left  hand 
and  from  t^'e  thick  part  of  it,  the  fibres  were  drawn,  and 
twisted,  as*  tjh^  hand  was  withdrawn  from  the  end  of  the 
spindle,  iq|^hich  it  had  been  previously  attached.  The 
revolutimJyif  the  wheel,  effected  by  the  right  hand,  conveyed 
by  a  bdMTto  the  whirl,  or  pulley  on  the  spindle,  produced 
the  rwnsite  twist  to  give  firmness  to  the  thread;  and  by  a 
vcr^Spntle  motion  of  the  same  wheel,  the  thread  being 
broiRit  nearly  perpendicular  to  the  spindle,  it  was  wound 
uj^pthe  spindle  to  form  the  cop.  From  this  it  was  trans- 
fiwed  to  the  reel,  and  became  a  hank,  of  a  definite  length, 
tmt  varying  in  weight  with  the  thickness  of  the  thread.  In 
this  state  it  was  transferred  to  the  manufacturer  to  be  con* 
verted  into  the  different  fabrics  of  shalloon,  calimanco,  bom- 
basin,  &c. 

A  few  years  after  the  introduction  of  cotton  machinery,  an 
obscure  individual  of  the  name  of  Hargraves,  previously 
unknown  as  a  mechanic,  who  had  been  long  employed  by 
Messrs.  William  Birkbeck  and  Co.  at  Settle,  in  Yorkshire, 
in  the  management  of  a  branch  of  the  worsted  manufactory, 
attempted  to  spin  long  wool  by  means  of  rollers.  He  con- 
structed working  models  of  the  necessary  preparing  machi- 
nery, and  of  a  spinning-frame,  by  the  assistance  of  persons 
accustomed  to  the  construction  of  cotton  machinery-,  and  suc- 
ceeded so  completely,  as  soon  to  induce  his  employers  to  build 
a  large  mill  for  its  application.  By  degrees  his  plans  became 
known  to  the  trade,  and  many  large  manufactories  have 
subsequently  been  erected  for  this  purpose.  Contrary  to  the 
earlier  anticipations  on  this  subject,  it  has  been  found,  that 
mill-spun  yarn  answers  better  for  the  coarse  as  well  as  the 
finer  fabrics,  than  that  produced  by  the  hand,  which  it  has 
entirely  superseded. 

The  first  process  after  the  wool  of  the  fleece  has  been 
properly  sorted,  as  it  is  termed,  and  washed,  is  combing. 
This  is  either  done  by  the  hand  or  by  machinery,  invented 
for  that  purpose  some  years  since  by  the  ingenious  Dr.  Cart- 
wright.  The  object  of  each  mdde  is  to  arrange  the  fibres  as 
nuch  at  p^iUe  parallel  to  each  other,  which,  as  they  have 
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9  what  tortuous  form,  and  arc  of  considerable  length, 

B  them  to  be  frequently  drawn  from  each  other  by  tl)c 
E.ii.iun  of  the  strength  of  the  wool-comber  or  the  machine. 
In  this  state  they  form  a  bundle  of  fibres  about  six  feet  in 
lenRth,  called  a  sliver,  and  this  being  laid  upon  the   stretch- 
drawing  frame,  constitutes  the  commencement  of  the 
ing  process.     The  wool  passes  through  several  pairs  of 
!rs  of  which  the  first  and  last  are  of  course  the  essenttzl 
I,  the  intermediate  moving  with  equal  velocities,  and  con- 
quen  '     lerving  merely  to  conduct  the  sitein:  this  iareceiv- 
drical  cans;  and  thn      such  skeins  being  passed 
ither  draw  ing.  frame,  and  stretched  in  their  pro- 
cess, c         nc  fitted  for  roving,  the  last  step  in  the  preparatory 
iroccsses.      Allowing  for  the  difference  in  distance,  of  rollers 
ind  weights,  which  on  account  of  the  length  and  adbesivcoess 
of  the  fibres  of  wool,  are  both  necessarily  greater  than  <i|ilh 
-■r.oiton,  the  description  of  the  bobbin  roving  machine  alreny 
•reduced,  will  be  sufficiently  explanatory.  t 

Spinning,  the  concluding  process,  is  effected  by  means  of 
iro  pairs  of  rollers  moving  with  unequal  velocities,  and  inter- 
ediate  auxiliaries. 

he  loosely  Iwiated  thread  from  the  roving  bobbin,  E,  fi^.  408,  is  Hawly 
I'trd  forwards  bv  the  hotding  rollers  A,  a,  and  aiipporled  aa  it  proccei^ 
by  the-  iwo  pairs,  C,  t,  and  D,  i  It  is  then  drawn  bctuucn  the  rollers  V.b, 
and  having  been  thus  brought  ia  a  proper  thickness,  is  ttt-tsted  by  the 
flier,  L,  ti.ved  on  the  top  of  the  spindle,  through  which  at  K  it  passes^  it  is 
then  taken  up  by  the  bobbin  M,  which  moves  round  with  the  spindle  its 
axis,  although  not  equally  quick.  The  ultimate  thickness  or  size  of  the 
thread  h  tietermincd  by  the  difference  of  velocity  In  the  holding  and  drawing 
pairs  of  rollers;  that  is  of  A,  a,  and  B,  b,  which  in  their  operation  endently 
imitate  a  pair  of  iiands.  The  celerity  of  the  three  pairs  of  rollers  nearest  t« 
the  back  of  the  frame  is  equal;  consequently  no  stretching  takes  place 
amongst  ihem.  The  upper  rollers  of  ihc  first  and  last  pair  are  pressed  aown 
upon  the  lower,  by  weights,  F,  G,  much  heavier  than  H,  I,  wliich  are  sup- 
ported by  the  ajea  of  C,  D;  these  being  only  required  steadily  to  carry  for- 
wanl  the  skein,  and  prevent  tlie  remote  ends  of  tbe  fibres  of  the  wool  firom 
starting,  whilst  B,  b,  are  pulling  their  other  extremities.  The  front  nUtxt 
belonging  to  one  diviaon,  or  boi,  as  it  is  commonly  termed,  are  represented 
in  tig.  4W,  where  the  drum,  which  moves  the  spindles,  and  by  a  bevelled 
pitiion  at  the  top  of  its  aiis  conveys  motion  to  the  rollers,  is  also  shown.  The 
pinion  on  the  right  extremity  of  the  roller,  acting  upon  a  train  of  wheels 
properly  adjusted,  imparts  the  required  relative  motion,  in  succession,  to  Ihc 
rollers  beyond- 

SHORT  WOOL 

Short  wool  is  wrought  into  the  finest  cloths  for  personal 
wear,  and  is  spun  in  a  manner  similar  to  cotton,  as  described 
injenny-spiuning. 
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The  first  stage  of  the  manufacture  consists  in  submitting 
it  to  the  action  of  chamber^ley  and  frequent  rinsings  in  clean 
water,  which  briiig  it  to  the  state  fit  for  the  operation  of 
carding.  The  carding-cngine  for  fine  short  wool  is  con- 
structed with  one  main  cylinder,  having,  in  lieu  of  the  top 
cards  used  in  jenny-spinning,  numerous  small  rollers,  lying 
and  rolling  upon  its  upper  surface ;  it  is  used  in  place  of  a 
breaker-engine,  and  is  called  a  scribbler.  The  wool  is  deli- 
vered from  a  main  cylinder  to  a  dofFer,  and,  being  combed 
or  doffed,  is  carried  to  another  engine,  called  the  carder^ 
which  perfects  the  carding,  and  delivers  it  off,  by  means  of 
grooved  mahogany  rollers,  in  a  row  or  rowan,  as  in  jenny- 
spinning.  If  the  wool  is  of  a  coarse  description,  such  as  is 
formed  into  yarn  for  the  manufacture  of  coarse  cloths  or 
woollen  cords,  more  carding  is  required. 

The  scribbler^engine  has  three  distinct  parts  or  cylinders 
in  one  frame.  The  first  part  consists  of  the  first  main  cylin- 
der with  its  top  rollers,  and  is  called  the  breast ;  this  delivers 
the  wool  to  the  second  main  cylinder,  which,  with  its  top 
rollers,  is  called  the  first  part ;  this  delivers  it  to  a  small  in- 
tervening cylinder,  called  the  Ween  doifer,  which  carries  it 
to  the  third  main  cylinder,  which,  with  its  top  rollers,  is 
called  the  second  part ;  from  hence  it  goes  to  the  last  dofier 
cylinder,  from  which  it  is  combed  by  a  doffing-plate,  and 
finally  carried  by  hand  to  a  carding-engine. 

The  carding-engine  consists  of  similar  parts  to  the  scrib- 
bler-engine, except  that  it  has  no  breast  cylinder,  and  is 
covered  with  finer  cards ;  its  last  doffer  delivers  the  wool  to 
a  mahogany  grooved  roller,  which  forms  it  into  rowans  for 
the  process  of  spinning. 

The  act  of  continuous  carding,  as  described  in  mule-spin- 
ning in  the  cotton  manufacture,  is  said  to  have  been  effected 
in  some  mills,  but  the  advantages  arising  from  it  are  not  so 
great  as  to  procure  it  general  introduction. 

The  rows  or  rowans  are  taken  to  a  roving-hilly,  which  we 
have  already  noticed  in  jenny-spinning,  and  is  spun  and 
stretched  by  hand  as  there  described.  In  this,  however,  the 
act  of  plying  and  drawing  is  not  introduced,  as  fineness  of 
yam  is  not  the  object  sought. 

The  engines  used  in  carding  wool  are  generally  larger  than 
those  used  for  cotton,  being  frequendy  six  feet  wide ;  during 
the  operation  of  carding,  the  wool  is  copiously  sprinkled  with 
rape  oil. 
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SILK  MANUFACTURE. 


Silk  is  a  very  line  and  delicate  thread,  the  produce  oft 
■mall  insect,  called  bombyx,  ar  the  silk-worm  ;  which  is  DOf, 
leas  curious  on  account  of  the  changes  it  undergoes  in  te 
existence,  than  valuable  for  the  beautiful  6bre  which  it  spiadj 

The  egg,  requiring  not  the  care  of  parental  incubation,  W^ 
by  the  solar  heat  brought  into  existence,  and  the  bombyxsr 
ailk-worm  thus  produced  lives  upon  the  leaves  of  the  mut 
berry-tree  until  ii  has  arrived  at  maturity,  when,  spinniaf^ 
itself  up  in  a  small  hag,  about  the  size  of  a  pigeon's  egg,  it » 
changed  into  an  aurelia.  In  this  state  it  continues  till  about 
the  fifteenth  dav,  when  it  is  changed  into  a  butterfly,  and,  if 
not  prevented,  cats  its  way  through  the  silken  prison,  lo  ex- 
pand its  newly  acquired  wings  in  the  sun.  | 

The  ball  or  cocoon,  which  the  ingenious  little  insect  haii 
been  at  so  much  pains  to  spin,  to  secure  itself  from  itt' 
enemies  and  the  elfects  of  the  weather,  is  the  substance  wc., 
call  silk;  and  many  who  have  exannined  it  with  attention  >t« 
of  opinion  that  it  will  extend  to  the  distance  of  eiz  EngUibi 
miles. 

In  order  to  secure  the  silk  for  the  purposes  of  the  manuEi^ 
turer,  it  becomes  necessary  to  destroy  the  insect  so  soon  at 
the  cocoon  is  completed,  which  is  on  or  about  the  tenth  day- 
The  cocoon  is  of  various  colours ;  but  the  most  predominut 
are  flesh  colour,  orange,  and  yellow.  The  whole  of  them,  how- 
ever, are  lost  in  the  process  of  scouring  and  dying,  and  there- 
fore it  is  not  necessary  to  wind  them  on  separate  reels. 

The  balls,  preparatory  to  being  wound  off  into  skcini  or 
hanks,  are  immersed  in  hot  water,  which  dissolves  a  natunl 
gum,  by  which  the  fibres  are  united  together,  so  that  a  single 
thread  taken  from  the  reel  will  be  found  to  be  composed  of 
numerous  small  fibres  or  threads  in  the  state  produced  by  the 
worm. 

The  silk  is  imported  into  this  country  thus  wound  off  into 
skeins,  and  in  order  to  undergo  the  processes  of  the  manu- 
facturer is  wound  upon  bobbins;  and  each  thread  being,  a^ 
we  before  have  stated,  composed  of  several  fibres,  receives  a 
certain  degree  of  twist,  that  the  constituent  parts  may  be 
united  more  firmly  together  than  they  can  possibly  be  by  tbe 
gum  alone.  \Vhen  they  have  been  subjected  to  thus  much  of  j 
the  manufacture,  they  arc  wound  upon  fresh  bobbins,  and  two 
or  three  threads  twisted  together,  to  form  a  strong  thread  for 


AKD  MACHINIST.  40t 

the  weaver,  who  warps  and  finally  weaves  the  silk  into  various 
beautiful  and  useful  articles,  by  a  process  vcr}'  similar  to  that 
used  in  the  weaving  of  cotton  and  linen. 

Ill  Hicilmunt,  alierc  vun-  excellent  h'iIIc  m  pmduced,  the  manufiicture  ia e»i- 
riccj  on  by  aid  of  tliu  »ilk  rei'l  rcprcsuntpd  in  iig.  4J4. 

Tlie  balla  iir  coitions  art-  tliroivii  into  hul  water  contuinrd  in  a  copper  bssln 
(IT  Ixiilcr,  A.  uhoiii  1H  incites  in  Irni^li,  mill  six  deep,  set  in  brick-u'ork,  10 
at  Id  iiliiiit  oTa  Kmult  riiu^uul  lire  liL'ntatli  il.  n  II  is  a  wood  frame  sustain- 
ing scruRil  iKiits  oftliA  rt-cli  D  is  the  rei-l  upon  whicli  the  silk  is  (round:  U 
is  a  giiidi-  whir-h  dirvcti  tlic  thrcud  ii[>an  it;  and  K  P  the  whtcl-work  wtiiclt 
ffivrs  mixion  to  the  piide.  The  reel  1]  i» merely  a  uoudcn  spindle,  havin); 
tbiir  arms  mortised  into  it  to  support  the  four  lutttens  or  nuls  on  wliich  the 
*ilk  is  Hoimil, 

Upon  thu  end  of  the  wooden  spindle  of  the  reel,  and  witiiin  the  frsme  H, 
il  a  wlicel  of  '22  teeth,  which  g^ves  motion  to  unulher  ulieel  C,  tiicd  upon 
the  end  of  tile  inclined  axis  E  P,  and  having  inicc  tlic  nnnibcr  uf  teeth;  at 
the  end  of  this  inclined  axis  is  another  whtel  C,  of  2^  tcuth,  flaying  in  aho- 
rizontul  cog-wheel  with  35  teeth.  1'his  wheel  turns  upon  a  pivnt  fixed  in  ttie 
frame,  and  has  a  pin  fixed  in  it  at  a  distance  from  the  centre,  to  form  an  eccen- 
tric pin  or  crunk,  and  give  a  backward  and  fbi'ward  motion  to  tlie  sli^t 
wooden  rail  or  layer  C,  which  gtiidcs  tlie  threads  upon  the  reel;  for  this  pur- 
pose, tlie  threads  are  pusied  through  wire  loops  or  eves,  C,  fixed  into  the  layer, 
and  the  end  thereof  opposite  the  wheel  anil  cnink  F  is  supported  in  a  mortise 
wan  opening  made  in  the  frame  K,  m  that  the  revolution  of  the  crank  will 
'  cause  the  layer  to  move,  and  cany  the  threads  alternately  towards  the  right 
or  left.  I'hcre  is  likcwiiic  an  iron  bar  11,  fixed  over  the  biuler  at  II,  and 
pierced  with  two  holes,  through  -whicli  the  thri:ads  pass  to  guide  tlicnu 

In  the  operation  of  reeling,  it  is  well  known,  that  if  the 
thread  be  wound  separately  it  will  be  totally  unfit  for  the  pur- 
poses of  the  manufacturer;  consequently  the  ends  of  the 
threads  of  several  balls  or  cocoons  arc  joined  and  wound  to- 
gether, and  when  any  one  of  them  breaks  or  comes  to  an  end, 
its  place  is  supplied  by  a  new  one,  and  thus  by  continually 
keeping  up  the  same  number  the  united  threads  may  be 
wound  to  any  refjuired  length. 

The  reeling  is  conducted  by  a  woman,  who,  when  the  balls 
or  cocoons  have  remained  a  sufficient  time  in  the  hot-water 
contained  in  the  boiler  A,  to  soften  the  gum,  takes  a  whisk  of 
birch  or  rice-straw,  about  six  inches  long,  cut  stumpy  lilce  a 
wurn-out  broom,  and  brushes  the  cocoons  with  it,  which 
causes  the  loose  threads  to  adhere  to  it;  these  she  disengages 
fromthe  whisk,  and  by  drawing  thim  through  hir  fingers  cleans 
them  trom  the  loose  silk,  which  always  surrounds  the  cocoon, 
till  they  come  off  clean,  which  operation  is  called  la  battue. 
When  the  s.iik  has  hcen  perfectly  cleansed,  she  pusses  four  or 
more  of  the  threads,  if  she  intends  to  wind  fine  silk,  through 
each  of  the  holes  in  the  thin  iron  bar  H,  and  afterwards 
twists  the  two  coinpimnd  threads,  consisting  of  tour  cocoons 
Cftcb,  about  20,  or  25  times  round  each  other,  that  the  four 
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but  in  order  to  eause  ihc  tlircaj  to  draw  with  a  gentle  force,, 
a  looped  piece  of  Mring  or  wire  is  hung  upon  the  axis  wiihia* 
aide  the  reel,  and  a  small  leaden  weight  iB  attached  to  it,  M 
procure  friction.  The  bobbins  which  draw  off  the  threads  ar$ 
t«ceived  in  the  upper  part  of  the  frame,  and  arc  lurnird  bf 
neans  of  a  wheel  beneath  each,  the  bobbin  having  a  bmat 
roller  upon  tt»c  end  of  ii,  which  bears  by  its  weight  upon  th* 
circumference  of  the  wheel,  »nd  the  bobbin  is  thereby  put  IK:, 
motion  to  draw  off  the  silk  from  the  sirift.  A  small  light  rod 
of  wood,  called  a  layer,  which  has  a  wire  eye  fixed  into  it,  ii 
placed  at  a  little  distance  from,  and  opposite  to,  each  bobbin, 
so  as  to  conduct  the  thread  thereupon ;  and  aa  the  layer  movdt, 
constantly  backwards  and  forwards,  the  thread  is  rcgubrlf. 
•prcad  upon  the  length  of  the  bobbin.  The  motion  of  the  layer 
is  produced  by  a  crank  Kxed  upon  the  end  of  a  cross- spindle, 
which  is  turned  by  means  of  a  pair  of  bevelled  wheels  froi^ 
the  end  of  the  horizontal  axle,  upon  which  the  wheels  for  turn*; 
log  alt  the  bobbins  arc  fixed. 

These  winding-machines  are  usually  double,  to  contain 
of  bobbins  and  swifts  at  the  back  as  well  as  in  frooi.  Two  of 
these  double  frames  are  put  in  motion  by  cog-wheels  from  • 
vertical  shaft,  which  ascends  from  the  lower  apartments  el 
the  mill,  where  the  twisting-machines  arc  placed.  The  wii»d* 
ing-machines  rctiuire  a  constant  attendance  of  children  H 
mend  the  ends  of  threads  which  are  broken;  or  when  thtf 
arc  exhausted,  thi-y  replace  them  by  putting  new  skeins  upon 
the  swifts.  \Vhen  the  bobbins  aje  filled,  they  are  taken  away,  ] 
by  only  lifting  them  up  out  of  their  frame  ;  and  freah  oncaiR 
put  in  their  places. 

A  patent  has  been  lately  taken  out  by  Mesars.  Gent  and 
Clarke,  for  a  new  conatniction  of  the  swiits  for  wlnding-Bta- 
diines:  they  are  made  with  six  single  arms,  instead  of  foot 
double  ones ;  and  the  arms  are  small  flat  tubes  made  to  con- 
tain the  stems  of  wire  forks,  which  receive  the  skein,  instead  ' 
of  the  bands  of  string  in  the  common  swifu.  Tbeae  forks 
admit  of  drawing  out  from  the  tubes  until  the  swift  be  sufi* 
eiently  enlarged  to  extend  it;  but  as  they  extend  the  skeinit 
six  points  instead  of  four,  as  in  the  common  onea,  the  mfr- 
tion  is  more  regular.  Instead  of  the  weight  which  causes  tbe 
friction,  a  spring  is  used  to  press  upon  the  end  pivot  of  X^ 
axis,  and  make  the  requisite  resistance. 

The  twisting  of  the  silk  is  always  performed  by  a  spindk 
and  bobbin,  with  a  Syer,  but  the  construction  of  (he  nachiM 
is  frequently  varied.     The  limits  of  our  plate  do  notid^it,  ^ 
a  rcpresenution  of  the  great  machines,  or  throwBtiDg^ilii|% 
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at  their  full  extent ;  but  the  principle  is  the  same  as  fig.  436, 
which  wc  have  extracted  from  Dr.  Rees's  Cyclopadia,  vary- 
ing the  description  a  little,  to  agree  with  the  present  improv> 
ed  sute  of  the  manufacture. 

In  fig'.  425,  we  hwve  given  «  drawing  of  i  ttntSl  mtchine,  which  ia  nmilu 
in  tlie  parts  which  act  upon  the  silk;  and  indeed  mtn]'  milli  employ  such  mk< 
chines  cnnstructcd  on  a  lai^e  scule.  Tlie  one  in  our  plate  contains  only  thir- 
teen spindles,  and  ii  intended  to  be  turned  by  hand,  a  method  which  ii  toa 
•xjicusive  for  thi<t  coiintn',  but  ii  common  io  the  south  of  France,  where  nian7 
artisans  purchase  their  sifk  in  the  raw  ntnle,  and  employ  their  wirei  or  chil- 
4lrtn  to  prrparc  it  by  these  machine*,  whicblhey  call  Dvo^ibeckuae  the  spin- 
dies,  A  i,  arc  smn^d  in  m  oval  frame,  G  H. 

B  is  the  handle  by  which  ihe  motion  i»  giveni  it  is  fixed  on  the  end  of  ti 
•pindle  R,  which  carries  a  wheel  U,  to  ^re  motion  to  a  pinion  upon  the 
upper  end  of  a  Tcrtical  axle  Ej  tliis,  at  the  lower  end,  has  a  rtnim  or 
wheel  P,  to  receive  an  endleis  stnip  or  band,  aa,  which  encompuscH  the 
frame  G,  and  gives  motion  to  all  the  ipindles  at  once.  The  tpindlei  i  A  are 
placed  perpendicuWIy  in  the  frame  G  H,  their  pointi  reiting  in  small  holes 
in  pieces  of  metal,  a'hich  are  let  into  ihe  ovil  plank  G;  and  the  apindlea 
■re  also  received  in  coltnn  afBxed  to  an  oval  frame  II,  which  is  supported 
from  the  plank  G  by  blocks  of  wood;  d  and  a  are  small  rollen  supported  in 
the  frame  G  H,  in  a  simitar  manner  to  the  spindles;  their  use  is  to  confine  the 
strap  a,  to  press  against  the  rollers  of  the  spmdles  with  mfliciEnt  force  to  keep 
then  all  in  motion. 

The  threud  is  taken  up,  ai  fist  as  it  is  twlited,  by  a  reel  K,  which  is 
turned  by  a  wheel  k  and  a  pinion  t,  upon  the  end  uf  the  principal  spindle  It. 
The  tlireuds  are  filled  by  pausing  throug-h  wire  eyes,  li\cd  in  an  oval 
frame  L,  orhicli  is  supported  in  the  frame  of  the  machine,  by  a  ungle  bar  or 
rail  //,  ami  this  lias  a  regular  traversing  motion  backwards  and  forwards, 
by  means  of  a  crank  or  eccentric  pin  K,  fixed  in  a  small  cog-wheel,  whick 
is  turned  by  a  pinion  upon  the  vertical  axis  G;  the  oppowte  end  of  the 
rail  I  is  supported  upon  a  roller,  to  make  it  move  easily.  By  this  meant 
the  gliders  are  in  constant  motion,  and  lay  the  threads  regularly  upon  the 
reel  K,  when  it  turns  round,  and  gathen  up  the  silk  upon  it  as  shown  in  the 
figure. 

One  of  the  spindles  is  shown  at  r  without  a  bobbin,  but  all  the  others  ate 
represented  as  being  mount(>d  and  in  action.  A  bobbin,  e,  is  fitted  upon 
each  spindle,  by  the  hole  tlirough  it  being  adapted  to  the  cnnicjJ  form  of 
the  spindle,  but  in  such  manner  that  the  bobbin  is  at  liberty  to  turn  freely 
round  u^on  the  spindle;  a  piece  of  hard  wood  is  stuck  Gist  upon  each 
spindle,  just  above  the  bobbin,  and  has  a  small  pin  entering  into  a  hole  in 
the  lop  of  the  spindle,  so  ns  to  oblige  it  to  revolve  with  the  spindle,  tliiR 
piece  of  wood  has  ilie  wire-flyer,  b,  fixed  to  it;  the  flyer  is  fbrmcd  into  eyes 
at  the  two  extremities;  otic  is  turned  down,  so  as  to  stund  npponte  to  the 
middle  of  the  bobbin  e;  and  the  otiier  arm,  (,  is  bent  upw:irds,  so  that 
the  eye  is  exactly  over  the  centre  of  the  spindle,  snil  ut  3  height  of  some 
inches  above  (he  top  of  the  spindle.  The  thread  from  the  bobbin,  e,  is 
passed  tlirougli  both  Ihe  eyes  of  this  wire,  and  must  evidently  receive  a 
Ln'ist  when  the  spindle  is  turned;  and  At  the  same  time,  by  drawing  up  the 
thread  thnnigh  tlie  upper  eye,  b,  of  thtf  flyer,  it  will  turn  the  bobbin  round, 
and  unwind  therefrom.  I'lie  rate  at  which  the  thread  is  drawn  off  from  the 
bobbin,  compared  with  the  numbcrof  revolutions  which  the  flyen  make  in 
the  same  time,  determine  the  twist  to  be  more  or  less  hard.  This  circumatuncc 
i>  regulated  b/  tlic  pi^ortiou  of  the  vticcl  A  to  the  pimon  i,  from  which  it 
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cated  machines  in  the  king  of  Sardinia's  dominions,  fron 

wWch,  on  his  return,  he,  in  conjunction  with  Mr.  TTiomii* 

Lombc,  established  asimilaraetof  milts  nt  Derby.  Parliament 
granted  them  a  patent  for  fourteen  years;  and,  on  being peli-  - 
tioned  at  the  end  of  that  term  for  a  renewal,  granted  them 
J4.0U0/.  instead,  on  condition  that  they  should  allow  a  perfect 
model  to  be  made,  and  placed  in  the  Tower  for  pubU«  ioapec- 
tion. 

FLAX  MANUFACTURE. 
'    Flax  undergoes  various  proccBscs  before  it  can  be  worked 
into  cloth  or  other  articles  ;  tb^e  processes  are  very  different, 
and  require  difFcrent  sorts  of  implements  and  machinery,  ia 
order  to  their  being  properly  performed.     Flax,  for  the  put^ 

tiose  of  being  formed  into  cambric,  line  lawn,  thread,  and 
ace,  is  dressed  in  rather  a  different  manner  lu  that  which  la 
employed  for  other  purposes ;  it  is  not  scotched  so  thoroughly 
as  common  flax,  which  from  the  scotch  proceeds  to  the  hcclilc, 
and  from  that  to  the  spinner;  whereas  this  fine  Hax,  after  a 
rough  scotching,  is  scraped  and  cleansed  with  a  blunt  knifs 
upon  the  worlcman's  knee,  covered  with  his  leather  apron.; 
from  the  knife  it  proceeds  Id  the  spinner,  who,  with  a  brusH, 
made  for  the  purpose,  straightens  and  dresses  each  parcel  be- 
fore she  begins  to  spin  it. 

In  the  Sivedish  Tramacthns  for  the  year  174!',  a  method 
U  given  for  preparing  flax  in  such  a  manner  as  to  resemble 
cottoa  in  whiteneS|  and  softDCss,  as  wcU  as  in  coherence; 
for  this  purpose,  a  Uttlc  sea-water  is  directed  to  be  put  into 
an  iron  pot^  or  ap  untinned  copper  ketde,  aqd'  a  mixture  pf 
equal  parts  of  birch--ashei'  and  quicb^ime  strewed  upon  it;. . 
a  small  bundle  of  flax  is  to  be  then  opened  and  spread  upon 
the  surface,  and  covered  with  more  of  the  mixture,  and  die 
stratiflcation  continued  till  the  vessel  is  suScieutly  filled.' 
The  whole  is  then  to  be  boiled  with  sea-watef  for'teil  hours, 
fresh  quaoriticB  of  water  being  occasidnally  supplied  in  pro-. 

Eortion  to  the  evaporation,  that  the  fiaxy  matter  mayDCT«r'~ 
ef:omc  dry.  The  boiled  &ax  is  to  be  immcdntely  washed  in 
the  sea,  by  a  little  at  a  time,  in  a  basket,  with  a  smo6lb  att<k 
at  first,  while  hot;  and  when  grown  cold  enough  to  1w  lM4f  . 
by  the  hands,  it  must  be  well  rubbed,  washed  with  SQap^'liu;' 
to  bleach,  and  turned  and  watered  every  day  foV  saidft.dme.- 
Repetitions  of  the  washing  with  soap  expedite  the  bleachlngfY 
after  which,  the  flax  is  to  be  beat,  and  again  ijell  wasbed; 
■when  diy,  it  is  to  be  wotisdMBA  untod  in  the  ssma  aaaiBer 
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as  common  cotton,  and  pressed  between  two  boards  for  forty- 
eight  hours.  It  is  now  luUv  prepared  and  fit  for  use.  It  loses 
in  this  process  nearly  one-half  its  weight,  which,  however,  is 
abundantly  compensated  by  the  improvement  made  in  its 
quality,  and  its  fitness  for  the  finest  purposes. 

The  JlaX'brake  is  a  hand  instrument,  or  machine,  which  was  originally,  and 
for  many  a^cs,  chiefly  employed  in  breaking  and  separating'  the  boon  or  core 
from  the  flax,  which  is  the  cuticle  or  bark  of  the  plant.  In  performing  this 
business,  the  flax  being  held  in  the  left  hand,  across  the  three  under  tecth« 
or  swords  of  the  brake,  shown  at  A,  figs.  432  and  433,  the  upper  teeth  or 
swords  B,  fig.  432,  and  b,  fig.  433,  are  Uien  with  the  right  hand  quickly  and 
often  forced  down  upon  the  flax,  which  is  artfully  shifted  and  turned  wiUi  tlie 
left  hand,  in  order  tliat  it  may  be  fully  and  completely  broken  in  its  whole 
length. 

The  /lax  foot-brake  is  an  implement,  or  machine^  of  the  brake  kind* 
invented  in  Scotland,  by  which  flax  is  broken  and  scotched  with  much 
greater  expedition  tlian  by  the  hand  instrument  just  described,  and  in  a 
more  gentle  and  safe  manner  than  by  the  flax-mill.  By  this  contrivance, 
the  boon  or  stem  is  well  broken,  and  the  sloping  stroke  given  as  with  the 
scotcher,  while  the  machine  is  moved  by  the  foot.  The  treadle  is  of  consi- 
derable length,  on  which  account  it  is  put  in  motion  with  great  fiicility,  and 
assisted  in  it  by  means  of  a  fly.  The  scotchers  are  fixed  upon  the  rim  of  a 
fly-wheel.  But  though  these  machines  may  be  highly  useful  where  mills 
turned  by  water  cannot  be  established,  they  are  probably  much  inferior  in 
point  of  expedition,  and  the  economy  of  labour.  A  brake  of  this  kind  is 
represented  in  different  views,  in  figs.  434  and  435,  in  which  is  shown,  by  A, 
the  tlirce  under  brake-teeth,  or  swords,  seventeen  inches  long,  three  inches 
deep,  one  inch  and  a  quarter  tliick  at  the  back,  and  a  quarter  of  an  inch  at 
the  fore-part  or  edge. 

B  the  edges,  two  inches  and  three-quarters  asunder  at  the  end  next  the 
guide  B,  and  two  inches  asunder  at  the  otlicr  end. 

C  (tisplays  the  two  upper  teeth,  about  an  inch  shorter  than  the  undef 
teeth;  and 

D  represents  the  brake-mallet,  about  thirty-three  pounds  English  weight. 

F  is  a  compound  foot-treadle,  which  is  eight  feet  four  inches  between  the 
fulcra  F,  raised  at  F  eight  inches  above  the  ground,  or  rather  five  inches  higher 
than  the  lance  of  the  workman;  C  is  two  feet  four  inches  between  the  fiilcm 
G,  and  is  raised  at  G  eighteen  inches  above  the  ground;  tliat  is,  fifteen  inches 
higher  than  the  lance  of  the  workman. 

H  the  sword,  or  upright  timber  rod,  which  turns  the  wheel  by  the  treadle- 
crank. 

I  the  treadle-crank,  of  seven  inches  and  a  half  radius. 

K  the  fly-wheel,  four  feet  and  a  half  diameter,  above  sixty  pounds  English 
weight.  As  here  represented,  it  is  beat  or  cast-iron;  but  it  may  also  be  made 
of  timber. 

L  brass  cods  or  bushes. 

m  M  the  lifting-crank;  M  is  fixed  firm  upon  the  axle  of  the  fly,  while  the 
crank  m,  about  eight  inches  radius,  plays  freely  round  tlie  axle.  In  position 
first,  M  begins  to  take  round  the  crank,  (which  by  the  lever  R  pulls  up  the 
mallet;)  when  it  comes  to  position  second,  tlie  mallet  is  again  at  liberty,  and 
by  its  weight  pulls  up  tlie  crank,  (faster  tlian  the  fixed  pieces  move,)  into 
position  tninL 

It  may  be  observed  that  the  treadle-crank  is  advanced  about  one-eighth 
part  of  the  circle  before  the  lifting-craDk. 
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n  a  imoJl  pulley,  trbicli  turns  easilj  round  on  Ibe  end  of  the  cnwhr.  sod  U 
whicb  a  rope  is  hxetl.  ^ 

0  n  piece  of  timber  s-hich  prevents  the  roller  from  fulling  in  tiponlheuit;^ 
but  wbich  ihoultl  not  rub  agkintit  the  rope  in  U<  coming  down. 

P  showa  where  the  rope  passes  between  t«o  ftiction-roHers,  which  are  M 
plued  that  It  comes  down  three  or  four  inchei,  or  luif  the  radius  of  the 
lifting'Crank  on  the  side  of  the  pTunimel-linc,  crossing  tjic  centre  of  th^. 
tvlieet;  that  is,  to  the  side  on  which  tliir  crank  turns  uhcn  it  pulh  dovn  lU ' 
rope. 

Q  a  pillar,  which  serves  onlf  to  support  the  gwai  for  the  rope  O,  aad  iM 
friction-rollers  at  P, 

R  the  lever. 

S  the  lever-pillar. 

T  part  of  ibt  maHel-ftame. 

U  two  pillars  which  piide  the  bralte-mallet. 

V  an  iron  spring  which  receives  tlie  leap  of  the  mallet,  and  throws  it  dkft- 
quicker  down. 

W  the  pillars  which  support  the  Hy. 

%  V  the  pillars  which  bcur  tlie  brake-teeth  and  mallet. 

Y  Y  tlic  ipur  and  crwis  that  support  tlic  pillars. 
Y.  7.  the  boltnni  ftsmc-picce. 

a  the  broad  stool  upon  wUcli  the  worlLnum  stiuids,  three  inches  ftbove  (ht 
ground-  I 

The  lifting'. crank  and  pulley  are  shown  separately,  in  difTcrent  views,  at 
Mmn.  and«n.,  "' 

The  brakc-tcelk are  made  of  goodheechorplane-treei  the  brake-maSet  rf" 

fUne-tree,  asJi,  elm,  blKb,  or  oakj  and  the  sword,  or  upright  timber-rod^  . 
etween  the  tre»d!e  and  the  treadle^crant,  of  beech,  ash,  or  oak.     The  Bj. 
wheel,  if  limber,  should  be  made  of  oak,  ash,  beech,  elm,  or  plsne-lree.    All 
the  other  parts  of  timber  worth  menljoning'  may  be  made  of  fir-wood, 
At  fig^,  436  is  slioivn  the  ground  plnn  of  the  whole. 

This  brake  may  at  an^  time  be  converted  to  a  beater  of 
flax  and  hemp,  by  removing  the  brake-teeth,  and  putting  in 
their  place  flat  boards.  In  the  upper  of  these  boards  maybe 
driven  32  nails,  the  heads  about  three-quarters  of  an  inch 
long,  and  the  points  of  the  heads  about  a  quarter  of  an  inch 
in  diameter;  the  points  of  the  nail-heads  may  be  placed  one 
inch  clear  asunder,  and  at  equal  distances,  as  in  this  way  any 
of  the  nails  may  most  easily  be  drawn  out  in  repairing  the 
mallet.  An  iron  hoop  put  about  the  mallet  will  prevent  lU 
bursting  with  the  driving  in  of  the  nails.  In  the  time  of  beat- 
ing, the  narrow  end  of  the  mallet  is  placed  towards  the  workr 
man,  and  where  there  is  much  work  in  that  way,  the  mallet 
and  fly  may  be  made  heavier,  and  then  two  or  more  workmen 
can  work  together  upon  the  fool-treadles,  which  may  also  be 
made  equally  long. 

Tlie  Jhx-hadck  is  an  instrument  or  tool  constructed  for  the  purpose  of 
hackling  or  straightening  the  fibres  of  tlie  Hax,  which  is  seen  at  figs.  437  and 
43S.  It  has  many  teeth,  tiied  in  a  squ^e  flat  piece  of  wood,  as  seen  •! 
A  and  B.  When  used,  it  is  firmly  fixed  to  a  bench  before  the  workman, 
who  strikes  the  flax  upon  the  teeth  of  the  hackle,  and  draws  it  quickly 
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throiipf]i  the  teeth.    To  persons  unacquainted  with  this  kind  of  work,  this 
may  seem  a  very  simple  operation;  but  in  fact  it  requires  as  much  practice  to 

"^^acquirc  the  method  of  hackling^  well,  and  without  wasting^  the  flax,  as  any 
otJier  operation  in  the  whole  manufacture  of  linen.  The  workmen  use  finer, 
or  coarser  and  wider-teethed  hackles,  according*  to  the  quality  of  the  flax; 
generally  putting^  the  flax  through  two  liacklcs,  a  coarser  one  at  first,  and 

<x   then  a  finer  one  in  flnishing'  it. 

The  Jltu  rippling-comb  is  an  instniment  or  tool  which  is  formed  by  letting^ 
SIX,  seven,  or  more  long"  square  teeth  nearly  upright,  in  a  long*  narrow  piece 
of  plank,  so  that  their  difl'erent  angles  shall  come  nearly  to  touch  each  other. 
By  drawing  the  flax  through  between  these  teeth,  the  balls  or  pods  in  which 
the  seed  is  contained  arc  forced  off.  It  is  seen  at  A  and  R,  flg.  439.  If  the 
flax  is  to  be  regarded  more  than  the  seed,  it  should,  .'tfter  polling,  be  allowed 
to  lie  some  hours  upon  the  ground  to  dry  a  little,  and  so  gain  some  firmness, 
to  prevent  the  skin  or  harl,  which  is  the  flax,  from  nibbing  off  in  the 
rippling;  an  operation  which  ought  by  no  means  to  be  neglected,  as  the 
balls,  if  put  into  tlie  water  along  with  the  flax,  breed  vermin,  and  othcr\visc 
spoil  the  water;  the  balls  also  prove  very  inconvenient  in  the  grassing  and 
breaking.  In  Lincolnshire  and  Ii*e]and  they  think  that  rippling  hurts  tlic 
flax;  and  therefore,  in  place  of  it,  they  strike  tiie  i)alls  against  a  stone.  The 
handfuls  for  rippling  should  not  be  great,  as  tli:it  endangers  the  lint  in  the 
rippling-coinb.  After  rippling,  the  flax-raiser  will  perceive  that  he  is  able  to 
assort  each  size  and  quality  of  the^ax  by  itself  more  exactly  than  he  could 
before  have  done  it. 

The  hand  and  foot  methods  of  breaking  and  scotching  the 
flax  are,  however,  too  tedious  in  their  operation  to  give  satis* 
faction  to  the  manufacturers,  in  the  present  advanced  state 
of  mechanical  science ;  consequently  mills  have  been  con- 
structed, by  which  these  preparatory  operations  are  much 
facilitated. 

Flax^mills  are  constructed  in  great  variety ;  but  one  of 
the  best  with  which  we  are  acquainted  is  described  in  Gray* 8 
Experienced  ilillwright^  in  nearly  the  following  terms : — 

Fig.  440  is  the  plan^  A  A,  the  water-wheel;  C  C,  the  shaft  or  axle 
upon  which  it  is  fixed;  B  B,  a  wheel  fastened  upon  the  same  shaf^  contain- 
ing 102  teeth,  to  drive  the  pinion  1),  having  25  teeth,  which  is  fixed  upon 
the  middle  bruising-roller;  £,  a  pinion  in  which  are  10  teeth,  turned  by  the 
wheel  B,  which  is  fastened  upon  the  under  end  of  the  perpendicular  shaft 
that  carries  the  scotchers;  M  M,  the  large  frame  that  supports  one  end  of  the 
shafl  C,  and  the  perpendicular  axle;  N  K  are  frames  in  which  the  rollers  turn 
tliat  break  or  bruise  the  rough  flax;  I  A  and  I<,  the  machine  and  handle  to 
raise  the  sluice  when  tlte  water  is  to  be  let  on  the  wheel  A  A,  to  turn  it 
round;  G  G,  doors  in  the  side  walls  of  the  mill-house;  1  K,  windows  to  lighten 
tlie  house;  H  H,  stairs  leading  up  to  the  loft. 

Fig.  441  is  the  elevation.  A  A,  the  water-wheel  upon  its  shaft  C  C,  on 
which  shaft  the  wheel  B  B  is  also  fixed;  this  latter  wheel  contiuning  102 
teeth,  to  turn  the  wheel  E,  having  25  teeth,  which  is  fastened  upon  the 
middle  bniising-roUer.  F  F  is  a  vertical  shaft,  upon  the  lower  end  of 
which  is  fixed  a  pinion  having  10  teeth,  which  is  driven  by  the  wheel  B. 
'Inhere  are  two  arms  that  pass  through  the  shaft  F;  and  upon  these  arms  are 
fastened*  with  screwed  iron  bolts,  the  scotches  that  clear  the  refuse  off  th^ 
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flax.  D  I),  the  frames  which  snipport  one  end  of  the  atlc  r»  the  vertJcaS 
shaft,  and  the  hrcaking-rollcrs;  L  is  a  wcieht  suspended  by  a  rope,  the 
other  end  of  which  is  fastened  to  a  bearer,  as  is  seen  in  fi^.  442(  S  S,  a  lever, 
the  short  arm  of  which  is  attached  to  the  frame  that  the  gudgtrons  of  tile, 
upper  roller  turn  in;  and  by  pushing  down  the  long-  arm,  the  upper  roller  ii, 
when  neccsbar}',  so  raised  as  to  be  clear  of  the  middle  one.  N  N,  the  end 
walls  of  the  mill-house;  R  K,  the  couples  or  frame  of  the  roof^  H,  a  doorm 
the  side  wulU  I  K,  windows. 

Fig:.  4 12  is  a  netion.    A  A,  the  great  water-wheel  fixed  upon  its  shaA,  anil 
containing  40  aws,  or  float-boardn,  to  receive  the  water  which  coimaunimttfs 
motion  to  the  whole  machinery.     B  B,  a  wheel  fastened  upon  the  same  axle, 
having-,  as  before  mentioned,  102  cogs,  to  drive  the  wheel  C,  of  25  teeth, 
wliich  is  fixed  upon  the  middle  roller,  No.  1.     The  thick  part  of  this  rotter 
is  fluted,  or  rather  has  teeth  all  round  its  circumference;  these  teeth  are  of 
an  angular  form,  being  broad  at  their  base,  and  thinner  towards  their  out- 
ward extremities,  which  are  a  little  roundccl,  to  prevent  them  from  cntting 
the  flax  as  it  passes  through  betwixt  the  rollers.     The  other  two  rollers, 
Nos.  2  and  3,  have  teeth  in  them  of  the  s.ime  form  and  size  as  those  in  the 
middle  roller,  whobe  teeth,  by  taking  into  those  of  these  two  roller*:.  tiim< 
them  both  round.    The  rough  flax  is  made  up  into  small  parcels,  which  bf 
ing  intnxluced  betwixt  the  middle  and  upper  rollers,  pass  round  the  mid<lle 
one;  and  this  either  having  rollers  placed  on  its  oif-sidcy  or  being  enclosed 
by  a  curved  board  that  turns  the  flax  out  betwixt  the  middle  and  under 
rollers,  when  it  is  again  put  in  betwixt  the  middle  and  upper  one,  round  the 
same  course,  until  it  be  sufficiently  broken  or  softened,  ami  prepared  for  the 
Skrotching-niachjnc.     The  bearer  in  which  the  gudgeon  of  the  roller  No.  1 
turns,  is  flxed  in  the  frame  at  C;  and  the  gudgeons  of  the  rollers  Nos.  2  and.**' 
turn  in  sliders  that  move  up  or  down  in  grooves  in  the  frames  S  S.    The 
under  roller  is  kept  up  to  the  middle  one  by  the  weights  D  D,  suspended  by 
two  ropes  going  over  two  sheeves  in  the  frames  S  S;  their  other  ends  bcinp 
fastened  to  a  transverse  bearer  below  the  sliders  in  which  the  gudgeons  of 
the  rolKr  No.  3  turn.     The  wci;i^hts  D  1)  must  be  considerribly  heuvii-r  tVy.\ 
:1jo  ii!i;Ur  rullor  and  !-licl«-TN,  in  order  that  its  tt-clh  may  l)»-  prcsseil  in  betw.x* 
the  ti'cth  {if  No.  1,  to  hruisr  the  fl:ix  when  pas.sing-  belwtc  n  the  roll-  r>.     liic 
\vh()l<'  wti^^ht  of  the  roller  No.  2  prt-ssc?.  on  the  flux  whicli  pusses  bctwi-..  r.  :* 
■md  No.  1.     Till  r«."  is  :ilsr)  a  box  fixrd  on  tlic  upper  edge  of  its  two  slifk:^ !.» 
'^ontain  :i  parctl  ot'stniu^,  or  himps  of  any  heavy  metal,  so  that  mon-  (^r  U  ^ 
xvi'ij^lit  can  l)L'  added  to  the  roller,  as  is  found  necessary.     O  O  is  the  liV' 
♦ranie  that  supporis  one  (  nd  of  the  shaft  wliich  carries  the  two  wheels  A  B. 
and  vertical  axle  F  K;  on  the  lower  end  of  which  is  fixed  the  pinion  turtu  1 
by  the  wheel  B,  and  ha^in^  10  teeth.     In  the  axle  V  are  arms  upr)n  vl::cl! 
the  .scotches  are  fastened   with   screwed  bolts,  a.s  seen   at   G  li,   fig.   "iJl. 
These  scotches  are  enclosed  in  th<;  cylindrical  box  F.  E,  having  in   its  cur^i-.i 
surface  hnUs  or  porches  at  which  the  handful  of  flax  are  held   in,  that  tluy 
may  be  cleaned  by  the  revolving  scotches.     II  H,  the  fall  of  course  of  tiiC 
water;   I  1,  the  sluice,  machine,  and  handle  for  raiblng  the   sluice  to  Ut  t)  i 
water  on  the  .c^roat  wheel.    The  gudgeons  of  the  axle,  should  all  turn  in  c  :■ 
or  bushes  of  brass.     K  k,  the  side  waUs  of  the  mill-house ;  G  G,  doors:  L  I 
windows. 

Having  proceeded  thus  far,  the  reader  will  have  become 

acquainted  with  the  various  modes  of  preparing  flax  for  tbc 

operation  df  spinning,  which  operation,  from   the    copious 

-^n       we  have  treated  of  it  under  the  article 

^Ei|  rcquim  but  little  elucidation. 
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About  the  year  1787,  Messrs.  Kendrew  and  Porthouse,  of 
Darlington,  obtained  a  patent  for  spinning  a  flaxen  thread  by 
means  of  machinery;  prior  to  that  time,  we  believe,  the  rock 
and  wheel,  variously  modified,  occasionally  for  superior  spin- 
ners to  form  two  threads  at  once,  were  universally  employed. 
In  Ireland  especially,  even  at  the  present  day,  this  method  is 
much  practised.  The  flax,  rendered  straight  and  smooth  by 
hackling,  is  wrapped  loosely  round  the  rock,  from  which  it  is 
gradually  drawn  by  the  left  hand,  whilst  the  thumb  and  fore- 
finger of  the  right,  moistened  with  water,  are  employed  in  ad- 
justing the  fibres,  and  directing  the  thread.  A  bobbin  and 
flyer,  placed  upon  a  horizontal  spindle,  serve  to  give  the  twist, 
and  to  take  up  the  finished  thread ;  their  motion  is  derived 
from  a  wheel,  impelled  by  the  foot  through  a  treadle  and  crank, 
by  means  of  an  endless-band  passing  round  a  pulley  of  much 
smaller  diameter,  which  is  fixed  upon  the  spindle. 

The  straightness  and  smoothness  of  the  fibres  of  flax,  so 
different  from  the  corrugation  and  adhesiveness  of  cotton  and 
wool,  with  their  extraordinary  length,  seemed  to  demand  an 
arrangement  in  machine-spinning  very  different  from  what 
has  been  already  delineated. 

In  the  patent  alluded  to,  the  hackled  flax  was  extended  upon  a  horizontal 
frame,  at  fig.  410*,  to  be  carried  between  the  rollers  B  b,  and  afterwards  to  pass 
along  with  the  cylinder  C,  (revolving  with  a  velocity  equal  to  that  of  any 
point  of  the  circumference  of  B,)  under  several  successive  rollers,  unUl  it 
arrived  at  the  drawing-rollers  D  a;  the  twist  and  removal  of  the  thread  then 
taking  place  by  the  flyer  and  bobbin,  as  before  described.  The  rollers  E,  F, 
G,  li,  1,  if  of  equal  weights,  will,  on  account  of  their  respective  positions, 
press  with  unequal  force;  the  one  resting  upon  the  vertex  of  the  cylinder  be- 
ing evidently  the  most  efficacious,  and  witli  the  surface  beneath  acting  pro- 
bably the  part  of  a  pair  of  holding-rollers  to  fibres  of  the  length  of  nearly 
one-fourth  of  the  circumference;  whilst  for  fibres  which  arc  longt;r  or  shorter, 
the  other  rollers,  according  to  their  place,  will  answer  the  same  purpose. 
In  this,  however,  there  is  no  new  principle;  and  although  modified,  it 
amounts  merely  to  the  operation  of  holding  and  drawing  rollers.  From  some 
impediments  thrown  in  the  way  of  the  Scotch  flax-spinners  by  the  patentees 
before  mentioned,  they  began,  we  believe,  in  no  long  time,  to  place  their  rol- 
lers in  a  straight  line,  at  distances  suitable  to  the  length  of  the  fibres.  Of  the 
excellence  of  this  arrangement  a  working  model  made  for  the  Andersonian 
Institution  in  Glasgow,  in  tlie  year  1803,  afforded  sufficient  evidence. 

We  shall  now  proceed  to  give  a  description  of  a  patent, 
obtained,  in  the  year  1806,  by  Messrs.  Clarke  and  Bugby,  for 
efTecting  certain  improvements  in  a  machine,  intended  to  be 
worked  by  hand-labour,  for  the  spinning  of  hemp,  flax,  tow, 
and  wool. 

Fig.  445  represents  an  oblique  view  of  the  front  of  a  frame  containing  ten 
spindles,  (but  fr»mes  may  contaun  an  indefinite  number  «f  spindles.)    A, 
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flic  spindle  or  a  bow  passing'  through  the  whole  frame,  having  ten  bosses  of 
brass  or  cast-iron  thereon,  each  about  four  inches  diameter,  each  boss  supply- 
ing one  spindle;  I),  a  pinion  of  twelve  leaves  upon  the  end  of  the  spindle  A, 
ronnected  with  the  wheel  C,  of  eighty  teeth,  fixed  upon  the  end  of  a  small 
iron  spindle  F,  covered  with  wood  and  extending  through  the  whole  frame; 
I),  a  slack  or  intermediate  pinion  of  any  size  at  discretion,  conaected  with 
another  similar  pinion,  the  latter  connected  with  a  wheel  of  120  teetli, 
which  is  fixed  upon  an  iron  spindle  (■,  of  about  1  j  inch  diameter,  ;4itd 
extending  through  the  whok*  frame;  but  the  wheels  BCD  and  E  may  be 
varied  in  their  numbers,  to  increase  or  diminish  the  draught  of  the  sub- 
stance operated  upon,  as  may  best  suit  its  quality  or  the  ideas  of  the  work- 
man. The  pinion  B  is  so  contrived  as  to  slip  off  the  end  of  the  spindle  A,  to 
make  room  for  a  smidler  or  larger  one;  by  means  whereof  u  larger  or  shorter 
thread  may  be  spun  from  the  same  sized  rorings;  aanaaaauaa  repit.-- 
sent  ten  roved  slivers  of  hemp,  flax,  tow,  or  wool,  p:uLsing  between  the  iion 
spindle  G  and  n)llers  in  iKiirs  pressed  against  them  by  spnugs  or  wc  ji^uts; 
these  springs  or  weights  must  be  of  sufiicient  force  to  hold  back  the  sl.Vi-rs 
or  rovings  so  securely,  tli:it  they  may  only  pass  on  with  the  ni«vcnu.!U  of 
the  spindle;  these  paii>i  of  pressing  rollers  are  placed  ]>ehind  the  .^^jjiiulte. 
The  use  of  the  small  iron  spindle  F,  co\ercd  with  wood,  and  loft  i-uihtr 
largi-r  tlian  tlio  spindle  Ci,  is,  with  i)ressure  of  the  small  wood  roller,  made 
up  in  pairs  h  b  b  h  0,  and  so  contrived  that  each  pair  may  roll  upon  two 
.slivers,  to  bring  tht-m  down  straight,  and  preserve  the  twist  which  they 
receive  in  the  i-oving-maehine  till  the  slivers  leave  them.  The  bosses  on  the 
spindlu  A  ha%e  likewise  wooden  rollers  in  pairs  pressed  against  them  by 
springs  or  wciglits,  between  which  the  drawn,  lengthened,  or  cxtendcdsliAors 
p;iss  to  the  spindle,  the  rollers  having  each  a  tin  conductor  c  re  cf  r  err  r, 
to  bring  the  material  under  operation  as  centrically  as  possible  between  the 
wood  rollers  and  the  bosses;  but  :dl  the  above-mentioned  parts  of  the 
jiiaihine  is  so  similar  to  ilie  common  upriglil  francs  for  spiriiiing  flax,  that 
:i  j)cr.sr»M  conversant  willi  tli<m  will  not  In,  :»'  a  lois  io  make  il  ail.  11  is  a 
^^ll«■t■l  of  \v()f»(l  four  fVct  in  dianKlrr,  ha\in;4"  it>  I'lir.  a'nout  Iwo  inchis  thick, 
"»\  itli  a  j^Tfiovf  in  its  p(  )'i]>])rn  0  r  a  small  roivl  or  |)aii(l.  In  its  CLiitri:  is  a 
-iilc  ()!•  st(u  k  ofwodl  tlirmiich  wliicli  \\ic  --p'witWo  1  ])assL's,  aiul  I'Xtt-niis  into 
■Is  fraim-  alw.iil  »Mi«;-foiirih  of  its  j,nL;ii,.  '| v,  (.nabli-  the  pcrsoii  that  tunis 
t'K-  wiiKJi  ii>  n-.u  li  all  ilic  s])'.!nllcs  at  work,  wilii  the  hand  th:il  is  not 
t:nj;"n};*tMl  ii\  itirn.ii;;-,  lu  !iiiio\«'  any  obstarjc  thai  may  arise  to  the  spiiuiles, 
i!ie  arl'or  nr  spii-dK-  (»l  ihe  wlurl  I  has  its  lu'arini;-  on  the  siiks  of  tl)e  frauie 
<Iiat  r.Miiains  it,  ni  nK. d  I,  L  1 .  I.:  this  fraUiC.  witli  the  whci  1  H,  the  arl-or  1, 
and  the  vi)uh  K,  is '.imii.-.r  to  that  part,  of  a  iiiachino  calli-d  a  nuilc-i\  nnx, 
'isiil  iV.ir  spiimini::  cott<in:  this  franir  is  sujipfnlcd  in  a  horizontal  'TMsi'iIiMi 
;»i  the  (Hit-.  I- «. ml  by  two  Irw-s  marked  M  M,  aiivl  a  screw  pin  v>hl{.li  |-.i-«>.s 
i!irnnj;-li  K,  Ml.'  Iront  iipri^lil.  //  A,  fi-f.  IM,  and  made  tijrht  with  tin-  tliunib- 
.'■Tow//;  tl.c  si-rcw  ].)asscs  throM;^h  a  j;roo\o  or  mortiso  at  the  end  oi  iJiO 
whvcl  irainv ,  to  i  nablt:  the  workman  to  adjust  the  wheels  N  and  (>.  ai  :t 
V.  ill  he  found  mcssary  to  ehani'f  the  wbcfi  N,  to  makr  sjich  aUerat'oi.  in 
'In*  twist  as  ihe  size  rjlilie  yani  ma>  v..(j'ji;e,  or  as  the  vorkman  mav  \U'\k 
projier.  1*  atirl  (^  are  Ix  vil  wlieLK  of  ((pial  >ize,  tin  formtr  fixi  il  sijvoii 
the  rule  or  stork  of  the  wind  H,  aiul  eonmoted  with  C|  tnion  the  spiu.Il^  K. 
lakin;^- round  with  it  the  whn  I  N,  wbii  h  is  ronnected  with  tiie  vlievl  i>. 
I  ]H)n  tlu:  rmbossetl  spinille  <•"  ar'.or  A.  a  a  (i  a  u  a  n  ii  ii  n^  Mi-  <jii'/it-, 
sLmdi'i;,'"  or.  a  carri  ..u"»-  with  f'lir  a\  lu  .  Is.  s'.mibir  to  the  carria.^i  <  ls,  ■  ■, 
imde-jeniiic'  tor  Sj^iimioi;-  C'tton,  i-..\l:i;-  a!  vm\\  of  them,  at  thi  d  J  d  .^  ■■  c  :!  '\ 
a  ef)M\i\  -.(a*  of  wouil  o\'  a  ly  ("onwii--  jn  si/t-,  luit  less  than  the.-  In-i:.  -.■!  ..f 
*be   'i. .'■'>'!•-,   or  i\\\\\s  <  •  ■■  I  .-     '  '  •     .   t^-.-^L-  i.)ob!/.Ms  or  'i'.idU  avc  al-.*--.;'.    i- 
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inches  lon£^  and  1|  inch  diameter  at  the  bottom,  smd  three-quarters  of  an 
inch  diameter  at  the  ton;  but  the  sizes  must  be  varied  according  to  the  size 
of  tlie  yam.  Perhaps  rour  or  five  variations  will  be  sufficient  to  spin  yam  for 
tarpaulins  or  sail-cloth,  up  to  fine  yam  fit  for  g^ood  dowlas  and  fine  stockings. 
T  a  pully,  over  which  a  band,  from  S,  runs  and  returns,  to  draw  out  Uie 
carriage  upon  the  four  wheeb  described;  W,  the  cylinder  which  drives  the 
spindles. 

Pig.  444  exhibits  a  side  view.  A,  the  wheel  mentioned  above  in  fig.  445, 
and  there  marked  H;  B,  the  winch  by  which  it  is  turned  by  hand;  C  C  C  C, 
the  frame  wherein  it  works;  D  and  £  are  blocks  of  wood  on  eadi  side  of 
the  said  frame  to  raise  the  wheel,  so  that  the  winch  may  be  clear  of  the 
carriage  PF,  and  apparatus  GG;  the  two  end  wheels  upon  the  carriage 
containing  the  spindles  having  two  more  corresponding  on  the  opposite 
side  thereof.  H,  a  groove  upon  the  end  of  a  cylinder,  which  drives  tlie 
spindles,  and  stretches  through  tlie  carriage  frame,  for  the  diameter  of 
which  no  certain  rule  can  be  laid  down,  as  it  depends  upon  the  length  or 
size  of  the  yam,  taken  into  account  wiUi  tlie  other  parts  of  tlie  machinery. 
KNNNNNN,  a  small  band  passing  over  the  wheels  A  K,  H I L  and  M, 
by  which  tlie  groove  wheel  II  and  its  cylinder  are  moved,  and  the  spindles 
driven.  O  a  treadle  shaft,  represented  by  S  S,  in  fig.  445,  passing  through 
the  iramc  or  part  thereof  at  the  option  of  the  workman,  connected  with  a 
tumbler  at  the  end  of  the  embossed  spindle  or  arbor  A,  in  fig.  445,  by  a 
small  band,  wound  five  or  six  times  round  each  of  them,  and  passing  over 
the  wood  groove  wheel  Q,  and  made  fast  to  the  back  of  the  carriage  F  P; 
tliis  tumbler,  by  tlie  motion  of  A,  is,  at  the  return  of  the  carriage,  locked  to 
the  wheel  R;  and  unlocked  when  the  carriage  is  not  to  its  destined  place. 

The  carriage  i&  drawn  on  by  the  weight  of  S  fastened  to  a  cord,  which 
passes  over  me  groove  wheel  T,  and  is  connected  with  the  front  of  the  car- 
n^fiT^;  U*  the  wheel  on  the  arbor  containing  the  holder  shown  in  fig.  445. 
V,  the  cylindrical  roller  on  a  stirt  fixed  therein,  and  rolling  at  every  return 
of  the  carriage  on  the  plane  W  and  X,  which  raises  and  falls  the  fallcrs  and 
holders,  so  as  to  distribute  the  vam  upon  the  bobbins  from  top  to  bottom;  the 
wheels  Y  Z,  A  2,  and  D  2,  are  tiie  same  wheels  shown  by  B,  C,  D,  and  K,  iu 
fig.  445;  I,  2,  &c.  spools  containing  the  rovings. 

This  machinery  is  calculated  to  save  the  heavy  expense  of 
currents  of  water,  erecting  spacious  buildings,  water-works, 
steam*engine,  &c.  and  to  spin  hemp,  flax,  tow,  and  wool,  at 
such  an  easy  expense,  as  to  bring  it  within  the  reach  of 
small  manufactories.  ,This  machinery  is  also  constructed 
upon  such  safe  and  simple  principles,  that  no  length  of 
experience  is  necessary  to  enable  even  children  to  work  it ; 
and  the  use  of  water,  steam,  &c.  being  rendered  unnecessary, 
it  occupies  so  little  space  that  it  may  be  placed  in  small 
rooms,  out-buildings,  or  other  cheap  places.  To  effect  the 
above  purpose,  it  was  necessary  to  get  rid  of  the  lanier  or  flyer 
upon  the  spindle  used  in  the  old  machinery  for  spinning 
hemp  and  flax,  which  requires  a  power  in  proportion  of 
5  to  1,  and  to  surmount  the  difficulty  that  arose  from  the 
want  of  elasticity  in  these  substances.  This  want  of  elasti- 
city in   the  substance  to  be  operated  upon,  is  compensated 
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and  provided  for  in  this  machinery ;  and  upon  this  compesfia- 
tion  and  provisioD,  clfected  by  the  various  means  hereafter 
mentioned,  the  return  of  the  carriage  without  any  assistance 
from  the  work-person,  and  the  traverse  for  distributing  die 
yarn  upon  the  bohbins  or  quills,  lay  the  stress  upon  the  patent. 
The  most  simple  mode  of  compensating  the  want  of  elasticity, 
and  which  is  recommended  in  preference  to  the  other,  is  that 
of  having  a  holder  of  large  wire  for  every  spindle  fixed  in 
an  arbor  or  shaft  extending  from  one  end  of  the  carriage  to 
the  other- 

This  arbor  or  ehafl,  with  the  holder,  msj  be  conaidcwd  as  a  lirge  and 
improved  substitute  for  what  ii  called  ft  fuller  in  the  mulc-jennics  for  fxaa- 
lutig  cotton,  fig.  443.  Lei  A  repreaent  the  arbor  or  shafi,  bbh  bbbbhii 
the  holders  fixed  therein  with  the  elliptical  eyes,  throiig-h  eacb  of  nbich  > 
thread  pissei  trom  the  bossies  on  the  arbor  A.  in  fig.  445,  lo  its  spindle. 
B,  a  Epindle,  which  rmj  be  from  10  to  13  inches  long.  C,  the  whirl,  vhcle- 
in  a  small  worsted  banil  from  the  cylinder  H,  fig,  444,  works  D,  a  ctmrei 
seat  upon  the  spindle,  nheieon  the  concave  bottom  of  Che  bobbin  or  quiU  C 

F,  a  piece  of  buffalo  ildn  or  meial  screwed  or  nailed  lo  the  r»il  I,  hanng 
B  hole  in  it,  through  which  the  spindle  passes,  and  by  which  it  is  kept 
steady;  G,  a  wire  bent  at  right  snglEs  at  a,  and  the  bent  psrt  driven  into 
the  tail  A,  so  that  it  mtj  be  removed  to  or  from  the  vhirl  C,  and  bj  (he 
otlier  crook,  b,  prevent  the  spindle  fi'oin  runninz  out  of  its  step  H,  which  is 
»  screw  uf  brass  or  other  metal  passing  through  the  nil  K.  The .  wire  of 
which  the  holder  is  made,  after  forminff  the  elliptical  eye,  is  left  or  extended 
beyond  the  uppermost  part  at  e,  that  the  yam  may  be  conveniently  ilipped 
in  when  occasion  may  require  iti  these  liulders  for  each  thread  are  for  the 
purposes  of  keeping  the  yarn  in  a  state  nearly  vortical  over  the  tops  of  the 
spindles  when  the  carriage  which  contains  them  is  coming  out,  anil  being  re- 
leased from  that  situation  at  the  beginning  of  the  enrriagtN  return,  and  throwo 
into  nearly  a  horizontal  position,  so  as  to  bniig  the  yam  below  the  top  of 
the  bobbins  or  quills  upon  the  spindlesi  and  then  being  curved  and  raised 
again  by  the  wheel  U,  and  its  cylindrical  roller  moving  upon  the  plane  Vf 
and  X,  Jig.  444,  distributes  the  yam  upon  the  bobbitii  or  tjuills,  and  pre- 
vents it  from  cockling,  hinkling,  or  improperly  doubling  or  twisting  logethet- 
Thc  seats  upon  the  spindles  described  by  D,  are  turned  convex,  and  the 
bottenis  of  the  bobbins  and  the  bottoms  of  the  quills  concave,  to  keep  the 
bobbins  or  quills  in  a  more  ccntnil  stale  upon  the  seats.  The  eoncavi^  of 
the  bobbins  or  quills  exceeding  the  convexity,  throws  the  weight  of  the 
bobbina  or  quills  upon  the  peripheries  or  extremities  of  the  seats,  and 
ensures  the  rotary  motions  of  the  bobbins  or  quills  with  that  of  tbeir 
spindles.  We  prefer  the  convex  and  concave  surfaces  before  dcscribedi 
but  otlier  surfaces  will  have  nearly  the  same  effect,  if  so  contrived,  (as  they 
easily  may  be,l  to  bearupontheperipheriesor  extremities  of  the  seatsa*  well 
as  of  the  bobbins  or  quills.  The  hole  through  the  bobbin  or  quill.  &g.  44(i, 
is  rather  lai^er  than  the  spindle,  that  it  may  not  be  obstructed  in  its  muuoa 
round  llie  spindle,  which  motion  takes  pUcc  at  every  return  of  the  carriage, 
and  as  often  as  any  thing  obstructs  the  coming  lorward  of  the  sliver  of 
which  the  yam  is  formed.  At  one  end  of  the  arbor  whereon  the  holder* 
are  fixed  is  »  counterpoise  L,  &g.  443,  having  a  wcket,  and  nude  btts 
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the  avbor  by  a  thumb-screw  m,  the  round  ball  at  the  to]/  being  led  to 
counterbalance  the  holders.  This  counterpoise,  when  tlie  holders  are  in  a 
vertical  state,  declines  about  10  or  15  degrees  towards  the  horizon,  but 
when  the  holders  are  thrown  down,  and  under  the  government  of  the  cy- 
lindrical roller  V,  upon  the  wheel  U,  is  in  a  diflerent  situation;  but  the 
roller  V,  arriving  at  B  3,  fig.  444,  on  the  return  of  the  carriage,  the  holders 
are  precipitated  to  a  height  where  the  counterpoise  overbalances  them,  and 
locks  the  wheel  M,  fig.  443,  or  U,  in  fig.  444,  in  the  ratchet  91,  where  it 
remains  until  the  carriage  has  reached  its  destiped  place,  where  the  tail 
of  the  catch  O  strikes  against  a  pin  in  the  frame  C  C  C  C,  fig.  444,  and 
releases  it,  the  said  roller  then  resting  upon  the  frame  U  X.  A  second 
method  of  compensating  and  providing  for  the  want  of  elasticity  in  hemp 
and  flax,  which  is  a  part  of  the  discovery,  is,  to  fix  a  round  bar  of  wood, 
about  1  i  inch  in  diameter,  the  whole  length  of  the  carriage,  about  three 
or  four  inches  above  the  tops  of  the  spindles,  «o  that  the  outer  siuface, 
or  that  next  the  work-person,  may  be  perpendicularly,  or  nearly  so,  over 
the  tops  of  the  spindles,  the  inner  side  having  pieces  of  wood  or  metal 
nailed  or  otherwise  fixed  thereto,  leaving  onl^  small  spaces  between  each 
for  the  yam  to  pass  through;  the  use  of  these  pieces  is  to  prevent  the  threads 
getting  together  and  entangling,  see  Rg.  447.  AAA  A  represents  a  com- 
mon ndler  used  in  the  mule-jennies  for  spinning  cotton  witli  counterpoise  B, 
wheel  C,  with  its  cylindrical  roller  D,  with  %e  plane  W  and  X,  before 
described  by  figs.  445,  444,  and  443.  E  E,  spindles  with  their  whirls,  con- 
vex seats,  bobbins  or  quills,  with  their  concave  bottoms,  F  F  F  F  F  F  F  F  F  F 
the  pieces  of  wood  or  metal,  nailed  or  otherwise  fastened  to  the  round  piece 
of  wood,  to  prevent  the  thread  getting  together.  In  this  case  evciy  thing  ap- 
pUed  to  or  used  with  the  arbor,  containing  the  holders  above  mentioned,  may 
be  applied  or  used. 

A  third  method  of  compensating  the  want  of  elasticity  in  hemp  and  flax,  which 
the  patentees  describe  as  a  part  of  their  contrivance,  invention,  and  discovery, 
is  the  fixing  each  spindle  in  a  small  fhune  A  A,  fig.  448;  6,  a  step  of  brass; 
C,  a  common  made  spindle,  with  its  whirl  D;  E  and  F  two  stirts  of  iron  fixed 
one  on  each  side  of  the  Irame  A  A,  equally  in  a  line  with  the  groove  in  the 
whirl  D,  and  moving  in  holes  in  two  cheeks  gg,  fastened  into  the  rail  H, 
on  the  small  frame  A  A.  On  the  back  side  thereof,  next  to  the  cylinder,  is 
a  small  roller,  moving  on  two  pivots,  so  planted,  that  when  the  spindle  is 
in  an  upright  position,  the  band  from  the  cylinder  which  drives  it  may  just 
run  free  of  it,  and  as  the  spindle  frame,  A  A,  is  kept  to  the  rail  I  by  a  tender 
spring  made  of  wire,  wound  round  a  pin  about  half  an  inch  in  diameter,  that 
the  spindle  may  yield  to  the  yam  m  all  cases  when  necessary,  the  said 
roller  is  to  prevent  the  band  which  drives  the  spindle  out  of  the  whirl,  when 
the  spindle  leaves  its  vertical  position. 

Fig.  449,  a  side  view  of  the  little  frame  in  fig.  448;  A  the  frame,  B  the  spin- 
dle, C  the  whirl  therein,  D  the  end  of  the  roller  and  one  of  its  supporters. 
This  apparatus  requires  the  faller  last  mentioned  and  described  by  fig.  447, 
with  \Xi  appendages  for  laying  the  yam  upon  the  spindles,  no  seat  on  the 
spindle  or  bobbin  in  tlus  case  being  wanted,  nor  any  more  than  a  thin  piece 
of  paper,  or  something  thin,  round  Uie  spindle,  to  enable  the  spinner  to  take 
the  yam  off  with  safety  and  care.  A  fourth  and  last-mentioned  mode  of  com- 
pensating and  providing  for  the  want  of  elasticity  in  hemp  and  flax,  and 
preventing  breakages  and  other  accidents  from  any  tightness  in  the  yarn, 
occasioned  by  any  obstruction  or  other  circumstance,  and  which  is  part  of  this 
invention  and  discovery,  is,  by  driving  the  common  mule-spindle  with  a  slack 
band,  having  the  yam  to  pass  over  the  holders  described  m  fig.  443,  or  over 
the  round  bar  described  in  fig.  447,  with  all  the  other  apparatus  for  laying  the 
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ytrn  upon  the  ipindle).  Sic.    Thii  lut  mrtliiMl  Mnn<n  be  itteA  ti 
in  any  cuFi  but  ni*y  be  Mbstttuled  for  either  of  ihe  threr  inrltitKUA 
Bbovc  for  npinning  yim  for  siil  doUii*,  Mckiiign,  tarpkufins.  or  otUo-M 
OT  htnvy  good»- 


WEAVING. 

In  the  preceding  articles,  cotton,  werol,  silk,  and  flix,  wc 
have  traced  the  process  of  forming  the  four  cammonest  fibrodS 
materials  to  the  stale  of  thread  or  yarn,  and  now  purpose* 
in  general  terms,  to  treat  of  their  further  dsBtination  in  the 
formation  of  the  various  superlicial  &ti'ucturci  tcrnicrd  web  or 
cloth. 

The  structures  which  come  under  the  name  of  cloth  arc 
formed  of  two  distinctlayet-sof  yarns,  generally  crossing  each 
other  at  right  angles,  termed  the  warp,  and  the  woof  or  weft; 
and  as  all  cloths,  however  varied,  are  constructed  of  these 
two  distinct  portions  of  threads,  the  mind  will,  when  made 
to  comprehend  the  mode  and  form  of  loom  used  in  the  weav- 
ing of  one  material,  be  able  easily  to  conceive  its  appltcatios 
to  other  sorts,  varjing  only  in  dimensions  and  strength, 
according  as  the  weight  of  the  yarn  or  size  of  the  ctotb  may 
demand. 

Prior  to  commencing  the  weaving  of  any  material,  it  is  ne« 

(  cessary  to  prepare  the  yarn  for  die  loom,  one  process  of  which 

preparation  is,  in  fact,  the  measuring  and  arranging  the  threads 

that  are  to  comgjose  the  warp  in  a  parallel  direction,  termed 

warfiiag: 

The  warp,  or  that  layer  of  threads  which  extends  the  length 
of  the  piece  to  be  woven,  requires  the  most  attenuon  in  the 
preparation.  To  form  n  warp,  it  is  ncccHary  to  be  very 
particular  in  the  number  and  quality  of  the  yamS;  for  upon 
their  fineness,  length,  and  breadth,  depend  the  fine&cM, 
length,  and  breadth,  of  the  piece  to  be  woven.  Though  thia 
may  appear  a  very  simple  operation,  yet,  the  performing  of 
it  with  expedition  and  accuracy  demands  some  mechanical 
skill.  The  machine  for  effecting  this  object  is  termed  the 
warping-mill,  and,  though  considerably  larger,  may  be  com- 
pared to  the  reel  described  in  the  cotton  manufacture :  but 
the  spindle  upon  which  it  revolves  is  placed  perpendicularly. 
The  reel  cannot  easily  be  made  of  such  dimensions  that  a 
thread  measured  upon  its  circumference  shall  be  equal  to  the 
required  length  of  the  warp ;  and  consequently  the  layer  of 
yams  is  placed  ia  a  direction  pu-allel  to  the  axis  of  die  reel, 
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and  wound  upon  it  in  a  spiral  direction  till  they  arrive  at  the 
upper  end,  when  the  motions  of  the  mill  and  the  yarns  are 
reversed)  and  a  fresh  layer  is  placed  upon  the  same  parts  of 
the  reel.  By  this  method  of  plying  the  layers  of  yarn,  it  is 
obvious,  that  a  small  number  of  ends  may  be  doubled  so  as 
to  form  the  required  breadth  of  the  warp.  If  the  twist  is 
spun  on  cops,  it  must,  prior  to  warping,  be  wound  on  bobbins, 
"which  bobbins  are  placed  in  a  frame  to  be  wound  off  upon 
the  warping-mill. 

,  The  next  operation  to  be  effected  in  the  manufacture  of 
cotton  goods  is  that  of  dressing  the  warp ;  that  is,  impreg- 
nating it  with  certain  gummy  or  gelatinous  matter,  and  coat- 
ing the  surface  of  the  yarns,  to  enable  the  warp  to  sustain  the 
abrasion  to  which  it  is  subjected  in  the  process  of  weaving, 
as  will  be  seen  when  that  process  is  described.  In  preparing 
the  wool  and  silk  yarns  for  the  looms,  dressing  is  in  general 
only  required  for  the  finest  sort,  when  a  little  mucilage  of 
gum  arabic,  or  of  jelly  made  from  rabbit  or  other  light  skins, 
is  used  to  increase  in  a  slight  degree  the  tenacity. 

As  it  is  of  considerable  importance  in  the  dressing  of  warps 
to  have  the  materials  dispersed  equally  over  the  surfaces, 
many  ingenious  mechanics  have  constructed  machines  for  that 
purpose ;  the  general  principle  of  which  are  the  placing  of 
the  warp  on  a  roller,  and  immersing  it  in  the  mucilage, 
which  allows  it  to  be  drawn  off*  covered  with  mucilaginous 
matter.  The  superfluous  mucilage  is  brushed  off,  and  the 
yam  is  put  in  a  frame,  and  by  means  of  revolving  fans  is 
dried  and  rendered  fit  to  be  put  in  the  loom.  In  cases 
where  the  manufacturer  operates  separately,  the  weaver 
dresses  the  warp,  by  extending  and  carefully  brushing  it 
over  with  paste,  and  drying  it  in  the  air,  prior  to  placing  it 
in  the  loom. 

Before  we  proceed  to  give  a  description  of  tihe  looitas  used 
in  the  manufacture  of  cloth,  it  is  requisite  that  the  reader 
should  be  acquainted  with  the  various  sorts  of  structure 
arising  from  the  different  dispositions  of  the  warp  and  weft, 
termed  fabric. 

The  simplest  mode  of  disposing  of  the  warp  and  weft  is 
called  common  fabric ;  and  taking  into  account  the  quantity 
of  yarn  used  for  a  given  superficies  of  cloth,  is  certainly,  so 
far  as  respects  its  strength  and  durabilit}',  the  most  advan- 
tageous mode  of  distributing  it. 

■.  Fig.  412  is  a  Mction  of  a  piece  of  cloth  wove  in  the  common  fiibric.  The 
•<yydlji  Mjwicm  tiif  wavp  in  KQtw,  and  the  weft  is  seen  passing  alternately 
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above  und  hclow  each  succeeding'  yam,  and  the  return,  or  next  larcr  of 
ui'ft,  iKUising*  beneath  those  threads  over  which  it  had  passed  before,  mL 
lin-  rcriui. 

Fig*.  413  represents  a  section  of  a  piece  of  cloth  wove  to  a  twilled  pattcrr.. 
In  this  the  yarn  of  tlic  woft  passcH  alternately  over  four  and  under  one  of  the 
threads  of  tlie  var^i,  and  rice  vertid  in  its  return. 

Fig.  414  represents  the  section  of  a  dimity  or  kerseymere,  in  which  the 
wcfL  passes  over  four  and  under  four,  then  over  one  and  under  four,  and  over 
four  and  under  (me,  which  places  it  in  a  position  to  begin  a^j^n;  when  the 
pxHsa^c  of  the  weft,  as  it  rcganls  the  warp,  is  exactly  reversed. 

Fig.  415  shows  the  construction  of  a  double  cloth  woven  with  two  warpi. 
This  mode  of  weaving*  is  mostly  applied  to  the  constniction  of  carpets,  und 
the  transposition  of  the  colours  in  the  pattern  arises  from  it.  All  the  diven 
modes  of  passing  the  weft  among  the  warp  may  be  intrtidnced  in  tiiis 
figure,  and  whatever  is  effected  with  one  web  of  waqi  is  alternately  effected 
with  the  other,  as  may  be  seen  by  the  figure.  It  is  therefore  easy  t" 
conceive,  that  all  tlie  various  patterns  in  woven  goods  are  obtained  br 
differently  disposing  of  the  warp,  tiisR  is,  lifting  a  greater  or  smaller  quan- 
tity of  it  at  a  time,  which  places  tlie  weft  on  either  surface  of  the  clotli  at 
pleasure. 

I'he  common  loom,  or  that  which  is  destined  to  weave  cloth  nf  the  conv 
mon  fabric,  is  the  most  simple  in  its  constniction,  as  the  mode  of  liflWi)^  anJ 
depressing  the  portions  of  the  warp  arc  similar  at  each  throw  of  the  sUuttlo. 
A  top  view  of  a  loom  of  this  description  is  given  in  fig.  416. 

A  is  a  warp. 

II  a  roller  upon  which  the  warp  is  wound,  called  the  yani-beam,  ami  a;.- 
plied  to  maintain  the  warp  in  a  stretched  position  bv  means  of  a  Ic^'- 
passing  through  one  of  its  ends  and  tightened  with  a  stniig:  as  will  bt-  nrnro 
clearly  understocul  by  referring  to  the  perpendicular  section  at  No.  C  ot'  tlii- 
figure. 

(*  r  C  are  rods  placed  between  the  threads  of  the  warp  to  keep  ther- 
st'p:ir.ite,  so  tliut  tht  v  may  p:iss  fniAvunl  rli-nr  of  each  nthcr,  wlu-n  t)i-    ^    " 
Is  fi'l  forw;.:-!  :m(l  lilli-il  with  l!i'j  v.i}',  tin  sc-  miU  ;i:-».-  ut  (liiVt:-..  •.-.  • 
nH>\i"(l  u»v.  .iiil".  *!ii'  w.ir|>-r<i!l(T  H. 

Al  i)  Ml-  il.'-  in:ilil  or  In.-d-.lk-s,  toniioil  <»i' two  rrxls,  oin'  iihovi'  :i\h\  \\. 
hclow  liu-  i»'''''.-,  ;iiul  ci>nM'.i't».-il  toj;t  iluT  !)y  niiiiu*roMr>  >.;rinLi-'<,  ".!.:■<■...:'■. 
ili^'.iiu't  ;)or'iwn^  <!t'  tin-  \v:i'-p  i);!-**,  aini  by  ni«':iM-«  of  tho   ti\  ri-.l]'  -.    '•■■.'■  x. 
IiIIimI  Miiil  (lrprr-.-0'l.       .V  (UtMclnd  \\:\K   of  two  lc:i\ »  «.  of"  u    hv  Idl,,     .-    . 
scnti-fl  in  •,(.(ti()n  in  \\-^.  -1 17. 

r/ '.-,  I/' r;",  ;i!H'  th<-   In;)  :in»l    ho'iToni   ]);iis,  .-irul   tlic-    two    lines   a- a-     lo]-.-.- 
two  adjaf^vnt  _\.irn'i  of  t.Iic  \\;irp,  ^o  tjjut  w  In-n  ////  risis  il  cmitIv*   \\;Ti.  .*  ■■•■ 
tiivi  :i.l.  V.  liili    the  otlior '. 'in:.  1  w},ii-!i  is  p:is>;«-il  -hroM;^-)!  tlu-  Inv.t  :  !.)/.••>     :  ■  .■ 
br.l.llt-  is  lit  jiri's^rd  !)\  -II--   i.tlic  r  li'.tMk-h.      Tlu-   in.  \'    [viri,    I'.,  tl.r     \\''\ 
fr.r.iu   To  r:,!;\   iln    riH«l.  '■.I'V'-i  t'lc-  i.i_\ .      A  pi)rt:«in  ol'tliL'  r^i  d    j^    •»;,■■..■. 
t.iclli  il  '-Il  ',',.[•.    ;  1 -■.      I'  ;•%,  •.•\(i ■■.*  when  n>.' d  ill  ti.>lii  nf"  ll;c  (o.l:^.■-.'   :'.■  -  . 
linii,  r-ii'iii-  d  ii{    rlaV.cil  \\   ii-;,  pLiCid  |):U:dl<d  to  r.i'di  otlicT,  :n\  1    ;--^.  ::;     !. 
to  ''.i  II-  t}iickii<'«.s  aiid  .itlj.i:.-.  iu\ ,  [)\  tlic  lirunc.vs  ot"  the  t'.il>rir-  in  w  :i:c!.  •.■.■. 

Ti.i'  l.iy,  h.;-.  ilti.  v.hiih  <  .irrirs  tlu-  nt  i!,  is  lmn_:r  from  :*  !>.i:'  ci;.-...-  '.• 
\il1-.1M1j4:  0:1   ^"Jidii'fi'M-i  iii    tin-    u])p' r    truTiic    of  thi-    loom       'I!..-    t-.-.-i  •'    . 
«.da-.l.c  MHc.-N  «)i"   wf.;.!  wliirli  su-;!a ml  llu-  I;iy  nn-  <:;tll(.d  ^wo.r.N.  :i:.  i   ri..:;. 
si'rM  :it   r  ,   y\  fi:c.  ;  b'.      I'hf  ri-c,l  thus  himv^  is   jiiil    hi\oiul   tl;i'   V,t\'.'  (*;   ■':■ 
sliiit:h-l]':.rht,  :uul  ii.is  o:u-  or  two  th.\:ids  of  ihc  w.irj)   j>:iS'jovl   l>*t\\i.-«.  r.  1  •• 
of  i's  wins,  wiiich  wiri>  .ivi'  u-rnnd  d-Mjts.     Its  ii^f  jx  to  >:i:k»-   h..iii-.   ; 
ihri'iul  of  iho  wefl  immediately  uftrr  it  lin«i  been  d«.Ii\uv«l  hj.   ilic   rlijjiu  .,. 
the  shuttle:  it  is  tlierefore  pushed  by  the  weaver  towanls  tho  yw/.u^-.^y. 
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]inor  lu  each  flig'ht  of  the  sliiittlc,  and  when  the  weft  has  been  delivered,  it 
is  allowed  to  return  and  strike  home  that  individual  thread. 

The  next  part  of  the  loom  in  the  shuttic-boxes,  which  are  placed  at  F,  F. 
In  weaving*  narrow  goods,  the  shuttle  is  passed  between  the  wai'p  by  tlie 
hands  of  the  weaver,  but  when  the  cloth  is  fine,  or  of  a  breadth  to  preclude 
this  mode,  the  fly-shuttle,  which  is  much  more  compact,  and  has  a  spindle 
to  carry  a  cop  upon  it,  is  introduced.  This  fonn  of  shuttle  is  represented  in 
fig^.  420.  The  shuttle  with  its  cop  is  placed  in  tlic  shuttle-box,  which  is  of 
dimensions  just  sufficient  to  receive  it.  In  fig.  419  is  represented  the  reed 
and  lay  at  F-*  F*.  The  shuttle  is  driven  to  the  opposite  boxes  by  mt'uns  of  a 
small  piece  of  wood,  called  a  driver,  which  lies  behind  the  shuttle  in  each 
box,  and  is  capable  of  being  swit\1y  drawn  forward  by  a  string  attached  to  it, 
and  connected  with  a  handle,  G.  The  weaver  holds  the  handle  in  his  hand^ 
and  by  a  jerk  throws  the  shuttle  across  the  web  into  the  opposite  box,  and 
tiien,  by  bringing  the  lay  towards  him,  strikes  home  the  wefi.  The  flight  of 
the  shuttle  requires  adjustment  or  skill,  as  its  impetus  must  be  proportioned 
to  the  weight  of  the  yarn  which  it  carries,  and  the  freedom  with  which  the 
cop  unwinds. 

if  two  or  three  colours  of  weft  are  to  be  put  Into  a  piece,  so  as  to  form  a 
pattern,  there  are  two  or  three  shuttles  to  be  thrown;  in  such  case,  the  shuttle- 
boxes  are  formed  in  three  parts,  as  represented  by  the  dotted  lines.  This 
combination  of  shuttle-boxes  is  capable  of  being  moved  upwards  and  down- 
wards upon  the  lay  by  the  small  levers,  H,  H,  fixed  upon  the  swords,  and  work- 
f.d  by  the  handle  I,  so  that  the  shuttle  to  be  thrown  may  be  brought  opposite 
10  the  division  in  the  warp  through  which  it  is  to  fly. 

As  the  clolh  is  perfected,  it  is  led  over  the  breast-beam  K,  flf .  416,  and  is, 
by  means  of  a  ratchet-wheel,  wound  upon  the  roller  L,  which  is  termed  the 
cloth-l)cam.  At  m  is  a  stretching-nxl,  formed  of  two  pieces,  and  lashed  with 
a  piece  of  band,  in  such  manner,  that  the  ends  are  forced  outwards,  as  may 
be  seen  in  the  figure.  This  rod  has  small  points  at  each  end,  which  puss 
through  the  selvage  of  the  cloth,  and  serve  to  keep  the  cloth  stretched,  as 
otherwise  the  action  of  the  wef\  wo^ld  occasion  it  to  pucker  and  lay  in  hol- 
lows. The  weaver  sits  behind  tlie  breast-beam,  and  in  fine  work,  where  tlie 
breast-beam  ir,  dispensed  with,  behind  the  cloth-roller. 

Such  is  the  construction  of  loom  used  in  plain-weaving; 
and  by  examining  it  attentively,  it  will  be  seen  that  by  an 
additional  number  of  heddles  any  required  movements  of  the 
warp  can  be  effected,  and  by  varieties  of  weft  other  diversifi- 
cations attained  almost  to  infinity.  The  greatest  skill  requir- 
ed in  the  act  of  weaving  by  hand  is  the  directing  of  the  flight 
of  the  shuttle,  where  the  impetus  given  should  just  suffice  to 
deliver  it  in  the  opposite  box.  The  striking  home  of  the  weft 
should  he  done  with  a  regular  force,  and  the  preparatory  ope- 
rations carefully  attended  to,  that  the  warp  may  wind  off  freely 
and  regularly  with  an  equal  tension  in  all  its  parts. 

From  an  examination  of  the  movements  of  so  simple  a  ma- 
chine as  the  loom,  the  mechanist  will  instandy  conceive  the 
practicability  of  applying  power  to  produce  the  necessary 
movements ;  we  shall,  therefore,  present  the  reader  with  two 
combinations  of  this  class  which  are  called  power-looms:  the 
fint  iayented  by  a  Mr.  Millar. 
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^g.  421  reprcaenlB  i  section  ofa  power-loom,  in  vhlch  tli  Uie  opcntion* 
»lc  cfTcclcd  hy  mcani  ortreadlei,  niDved  by  wiper*  m  eecenitic*. 

A,  tlie  main  shaft,  to  which  Uie  power  <i  commiinicateit,  canjinif  th« 
wiper*,  one  of  wliicb  U  seen  ut  A.  A',  the  yarn-boam;  B,  three  roUcn,  oa 
Ihc  lotver  of  which  die  cloth  ia  wound  ilia  piamng  aboto  wiil  belwcco  Ac 
Ino  upper  otieti  t;,  C,  tlio  )ieil41eB,  U,  O,  t)ie  tnaillct,  tu  wtiidi  the  hcddJe* 
are  ntuiched  by  means  of  a  line  pasting  over  a  pulley,  in  mch  manner,  tbat 
Ibe  depreuion  of  one  heddle  occasions  tiw  nJsinfr  of  the  ollierj  E,  E,  tiie 
ky  carrring  the  reedi  the  motion  is  given  to  the  lay  by  a  wiper  laoviag  • 
ireaillc  that  is  attached  to  the  lay  by  meant  of  tlic  line  aitd  <rank  ii 
I'.  The  retuni  motion  for  striking  home  tbc  weft  is  pvcn  by  a  wcq^l 
hanifing  over  a  pulley,  as  may  be  seen  in  the  figure.  The  A'lght  of 
the  ihuttle  is  occuiuned  by  attaching  thu  tttrings  from  llie  diiten  tu 
aiiutJiur  treadle,  wliidi  tpeadlc  is  worked  at  the  proper  periods  by  another 

Another  formof  power-loom,  calletl  the  craitk-Iootn,  is  used, 
and  varies  from  the  preceding  in  the  mode  by  which  the 
movement  is  giveti  to  the  heddlcs.  In  this  construction  of 
loom  the  revolving  shaft  is  placed  immediately  under  the 
heddles,  which  are  suspended  over  a  pulley  similarly  to  the 
loom  last  described;  but  the  motion  is  given  to  them  by 
means  of  their  being  attached  to  two  opposite  cranks  on  the 
shaft.  The  motion  is  given  to  the  lay  by  a  crank  upon  ano- 
thcr  shaft,  which  is  made  to  rei'olve  twice,  while  the  shaft 
that  moves  the  heddles  revolves  once.  By  this,  it  is  evident, 
that  the  warp  is  opened,  and  the  shuttle  thrown  twice,  during 
one  revolution  of  the  first  shaft. 

light  is  given  to  the  shuttle  by  IM 
upright  lever,  u  represented  in  fig.  422. 
The  cords,  c,  c,  of  the  drivers  are  attached  to  the  lever,  e,  which,  by 
means  of  the  arms,  h,  i,  is  caused  to  vibrate  in  opposite  directions  upon  the 
centre,  g,  being  alternately  struck,  by  two  projecting  pieces  upon  the  &nt 
mentioned  crank-shaft,  which  causes  the  lever,  e,  to  vibtat«  in  a  plane  panllel 
to  the  cnmk-ahana,  and  gives  flight  to  tbe  shuttle,  at  the  period  when  the 
warp  is  opened. 

In  cither  of  these  plans  for  working  looms  by  power,  if 
the  number  of  heddles  ia  required  to  be  increased,  in  order 
to  produce  any  figure,  it  is  easily  effected,  by  varying  the 
number  and  the  position  of  the  cranks  or  wipers. 

But,  though  great  variations  in  the  movements  of  a  watp 
may  be  efTccted  by  using  many  heddlcs,  yet  when  the  number 
of  heddles  and  the  number  of  cranks  are  increased,  great 
objections  arise  to  their  being  used;  coniequently,  ano- 
ther construction  of  loom,  called  the  draw-loom,  is  intro- 
duced when  complicated  figures  are  to  be  woven.  In  this 
loom  the  changes  are  effected  by  raising  one  portion  of  the 
warn  entirely  out  of  the  way,  while  the  other  is  wrought  by 
the  neddlcs  at  the  time  it  is  being  filled  with  the  weft;  the 
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part  raised  is  then  lowered  into  work,  and  other  yams  of  the 
warp  lifted  out  of  the  way. 

A  loom  on  this  principle  is  shown  in  fig*.  423.  For  weaving^  carpets  hy  this 
method,  every  yam  of  the  warp  has  a  line  attached  to  it,  whicli  lines  are 
brou^t  together  in  one  connected  piece,  accbrdin^  to  the  portion  of  warp  to 
be  nused  at  once,  and  carried  over  the  pulleys  as  at  A,  and  attached  to  the 
fixed  beam  at  U.  This  portion  is  called  the  tail.  Below  the  warp  these  lines, 
which  are  called  the  simples,  are  kept  in  a  state  of  tension  by  weights,  as  at 
C;  and  in  order  to  keep  tliem  distinctly  apart,  are  made  to  pass  through  a 
board  perforated  with  holes  at  p.  Other  lines  are  attached  to  the  tail,  capa- 
ble of  being  pulled  by  handles,  as  at  E,  by  which  means,  such  portions  of  the 
warp  as  are  required  can  be  raused.  By  this  contrivance  the  greatest  intricacy 
of  pattern  can  be  attained;  but  the  attaching  of  the  simples  to  the  different 
parts  of  the  warp,  by  means  of  small  eyes  of  metal  through  which  the  threads 
of  the  warp  are  made  to  pass,  is  a  work  of  considerable  labour.  Damask  table- 
cloths are  produced  by  this  loom. 

It  would  occupy  too  much  room  were  we  to  enter  with  more 
exactness  into  the  great  variety  of  looms  which  ingenuity  has 
constructed ;  what  we  have  said  therefore  we  trust  will  be  suffi- 
cient to  convey  to  the  reader  a  perfect  knowledge  of  the  prin- 
ciples of  forming  those  various  fabrics  which  are  termed  cloth. 
In  the  weaving  of  ribands  and  other  ornamental  works,  many 
extraneous  substances,  totally  unconnected  with  the  warp  or 
weft,  are  thrown  in,  which  affords  the  designers  an  additional 
scope  for  the  display  of  embellishments.  These  substances 
are  merely  held  in  the  fabric  by  the  intersection  of  the  two 
staple  parts,  the  warp  and  the  weft,  and  are  by  the  weavers 
denominated  whips. 

In  the  formation  of  cloth  from  the  yarn  of  cotton,  silk, 
hemp,  and  long  wool,  denominated  worsted,  the  fabric  when 
taken  from  the  loom  is,  so  far  as  regards  the  weaving,  in  a 
perfect  state;  the  further  operations,  both  mechanical  and  che- 
mical, which  it  undergoes,  may  properly  be  considered  as  tend- 
ing merely  to  its  further  embellishment.  These  operations 
consist  generally  of  singing  the  superfluous  fibres  from  the 
surface  of  the  cloth,  by  drawing  it  over  hot  irons,  and  after 
bleaching  or  dying,  submitting  the  cotton  and  linen  goods  to 
pressure  between  heavy  iron  cylinders,  for  the  purpose  of  giv- 
ing it  a  gloss,  and  the  worsted,  called  camblets  or  stuffs,  be- 
tween warm  copper-plates,  called  hot-pressing,  to  give  it  a 
smooth  and  finished  appearance. 

In  the  formation  of  cloth  from  short  wool,  of  which  our 
wearing  apparel  is  made,  the  loom  cannot  be  said  similarly 
to  have  completed  the  operation.  In  this  branch  of  manufac- 
ture, the  yarn  is  woven  in  a  common  loom  in  the  manner  we 
have  shown,  and  called  common  fabric,  but  when  the  piece  is 
taken  from  the  loom  the  web  is  too  loose  and  open,  and  i*; 
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consequently  submitted  to  another  operation,  called  lulling. 
The  cloth,  after  it  ia,  by  repeated  washings,  divested  of  the 
oil  that  was  put  in  it  in  the  act  of  carding  the  wool,  is  ukea 
to  the  fulling-mill,  where  it  is  immersed  in  water,  and  sub- 
jected to  repeHted  compressions  by  the  action  of  a  large  beater 
formed  of  wood,  which  repeatedly  changes  the  position  of  the 
cloth,  and  by  its  continuous  action  causes  the  fibreslo  felt  and 
combine  more  closely  together,  so  that  the  beauty  and  stability 
of  the  texture  is  greatly  improved.  The  cloth  is  next  submit- 
ted to  the  dyer,  if  so  destined  ;  but  in  many  colours  for  the 
best  cloths  this  process  is  effected  in  the  wool  prior  to  the 
commencement  of  the  manufacturing. 

The  cloth  then  undergoes  the  operation  of  the  gig-mill, 
which  is  formed  of  a  cylinder,  somewhat  similar  to  that  of 
a  carding-englne,  covered  with  the  heads  or  bur»  of  a  large 
species  of  thistle,  called  teasels.  This  engine  is  used  to 
raise  the  fibres  or  nap,  and  lay  it  in  a  parallel  direction, 
which,  in  fine  cloth,  is  cut  off  by  shears,  and  the  cloth 
then  undergoes  hot-pressing  to  bring  it  into  a  state  (it  for  the 
market. 

Upon  considering  the  various  methods  of  fabricating  cloth 
in  general,  it  may  easily  be  conceived,  that  great  scope  is  af- 
forded to  the  practice  of  dishonest  modes  of  forming  fabric 
apparently  valuable,  such  as  the  introducing  of  weft  or  warps 
of  different  qualities  and  hiding  them  by  the  mode  of  plving 
the  other  part.  In  trying  the  strength  of  cloth  it  qhould  always 
stand  both  in  the  direction  of  the  warp  and  the  weft  j  and  the 
substances  of  which  alt  parts  are  formed  should  be  known  by 
separate  examination,  and  not  by  mere  superficial  inspection, 
as  the  surface  may  easily  be  formed  to  hide  defects,  and  dis- 
play apparent  value. 


ROPE-MAKING. 

Ik  rendering  the  hemp-plant  proper  for  the  uses  of  the  rope- 
maker,  it  has  to  undergo  a  variety  of.processes. 

The  first  of  these  is  retting,  that  is,  exposing  it  to  the 
action  of  the  dew,  or  water;  the  former  termed  dew-retting; 
the  latter,  by  which  the  finest  hemp  is  produced,  water- 
retting.  In  both  or  either  of  these  processes,  the  quality  of 
the  hemp  is  said  to  be  influenced  by  the  state  of  the  weather, 
and  the  finest  to  be  produced  wtien  showers  have  mostly 
prevailed. 
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In  dexihretting^  the  hemp-stalks,  immediately  after  being 
pulled,  are  spread  out,  in  a  thin,  even,  and  regular  way,  so 
as  to  keep  exact  rows,  on  a  fine  level  piece  of  close  old  sward 
land,  for  the  space  of  three,  six,  and  sometimes  eight  weeks^ 
as  circumstances  may  require ;  during  which,  they  are  turned 
two  or  three  times  in  the  week,  according  to  the  state  of  the 
atmosphere. 

The  motive  for  thus  spreading  it  out  upon  the  ground  is, 
that  the  dew,  by  penetrating  into  the  plant,  may  render  the 
separation  of  the  rind  from  the  stem  or  bur  easy  to  be  ac* 
complished.  When  the  dew  has  acted  upon  it  sufficiently 
for  this  purpose,  it  is  tied  up  into  large  bundles,  and  carried 
home  and  slacked,  or  otherwise  it  is  put  into  a  covered  build- 
ing, till  wanted  to  be  formed  into  hemp. 

This  process,  called  graasinff^  requires  great  nicety  and 
attention,  that  the  texture  of  the  hemp  may  not  be  injured 
cither  by  too  long  continuance  on  the  sward,  or  by  being 
removed  before  the  hempy  substance  is  rendered  sufficiently 
aeparable. 

In  watcT'retting^  the  much  more  common  and  speedy 
method  is,  to  tie  the  hemp-plant  into  small  bundles,  by  means 
of  bands  at  each  end,  and  in  general  to  deposit  it  bundle 
upon  bundle,  in  a  direct  and  crossing  manner,  in  a  pond  of 
standing  water,  to  form  what  is  called  a  bed  of  hemp.  This 
bed,  when  formed  of  as  great  a  thickness  as  the  depth  of  the 
water  will  admit,  which  some  think  can  hardly  be  too  great, 
though  five  or  six  feet  are  the  usual  depths,  is  loaded  with 
large  pieces  of  heavy  wood  until  the  whole  is  immersed  in 
the  water.  In  choosing  ponds,  those  should  be  preferred 
that  have  clayey  bottoms. 

When  the  hemp-plant  has  remained  in  the  water  for  about 
five  or  six  days,  varied  according  to  the  nature  of  the  pond 
and  the  state  of  the  weather,  it  is  taken  out,  and  conveyed  to 
a  piece  of  mown  grass  or  other  sward  land,  which  is  free  from 
all  sorts  of  animals.  Here  the  bundles  are  untied,  and  the 
hemp-stalks  spread  out  thin,  stem  by  stem.  While  in  this 
state,  especially  in  moist  weather,  they  must  be  carefully 
turned  every  second  day,  to  prevent  their  being  injured  by  the 
worm  casts.  In  this  way  they  are  kept  for  about  five  or  six 
weeks,  when  they  are  gathered  up,  tied  in  large  bundles,  and 
kept  perfectly  dry  in  a  house  or  small  stack,  till  wanted  for  use. 

In  some  of  the  northern  parts  of  Scotland,  the  hemp,  after 
it  has  been  pulled,  and  cleared  of  its  leaves,  seeds,  and 
liranches,  by  means  of  a  ripple,  is  formed  into  bundles  of 
twelvs  Jiiinwds  each,  and  steeped  in  a  manner  similar  to  flax, 
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reed  becomes  capable  of  parting  from  the  bark.  Iq 
cess,  it  13  fttvoLirable  to  give  it  rather  too  much  than 
•f—  X  of  time  i  and  let  it  be  obaervcd,  that  the  mort 
icr  hemp  requires  the  greatest  length  of  time  in  the 
r.  Where  the  (juaDtity  of  hemp  is  only  small,  the  hetnpy 
.  may  be  separated  from  the  reed  by  hand-labour ;  but 
re  it  is  large,  drying  and  breaking  it  in  the  manner  of 
is  strongly  recommended. 

fter  the  hemp  has  been  taken  out  of  the  water,  it  is  not 
ad  out  upon  the  grass-ground  in  the  way  of  flax  f  but  set 
a  an  inclintid  position  againai  cords  arranged  for  the  pur« 
,  or  by  any  other  method  by  >,hich  it  can  receive  the  fuQ 
efit  of  the  air  till  it  be  perfectly  dried,  which  may  be  knovB 
ts  rising  in  blisters  from  the  boon.  As  soon  as  it  has 
>  •-'■eded,  it  must  be  divcsfd  of  the  mucilaginous  mate* 
ch  it  contains,  by  poiiri  water  upon  and  repeatedly 
a  ;  it.  In  this  part  of  i.  process  great  care  must  be 
prevent  the  fibres  from  getting  entangled,  as  by  that 
'        eat  waste  will  be  incurred. 

.  on  the  Continent,  has  suggested  a  mode,  very 
rrv**^  of  these,  for  the  purpose  of  steeping  hemp, 

ad  .  of  which,  it  is  asserted,  have  been  fully  proved 

aumen  .rials.  The  process  consists  in  heating  water 
in.  a  vessel,  or  vat,  to  the  temperature  of  from  72  to  75  de- 
grees of  Reaumer,  and  dissolving  in  it  a  quantity  of  green 
floap,  in  the  proportion  of  1  to  48  of  the  hemp:  the  body  of 
the  water  being  about  forty  times  the  weight  of  the  hemp. 
When  this  preparation  is  made,  the  hemp  is  thrown  into  it, 
and  floats  on  the  surface,  and  the  vessel  being  immediately 
covered,  the  fire  is  put  out.  In  this  state  the  hemp  is  allowed 
to  remain  for  two  hours,  at  the  expiration  of  which  time  it 
will  be  found  to  be  fully  steeped. 

The  principal  superiority  of  this  method,  besides  the  great 
saving  of  time  and  expense,  is  said  to  consist  in  the  hemp 
affording  a  greater  proportion  of  tow.  The  value  of  the  fuel, 
as  welt  as  the  time  employed  in  the  process,  should,  however, 
be  well  considered  in  such  cases.  Besides  these,  it  is  said  to 
promote  the  cultivation  of  the  hemp  crops,  by  the  facility 
which  it  affords  to  the  preparation,  even  in  such  situations  as 
arc  not  contiguous  to  rivers,  streams,  or  ponds ;  it  also  ob- 
viates any  ill  consequences  that  might  possibly  ensue  from 
the  putrid  efBuvia  of  the  atmosphere,  and  the  corruption  of 
the  waters,  induced  by  it,  which  last  are  well  known  to  destroy 
the  fish  contained  in  them,  as  also  to  prove  hurtful  to  the  cattle 
that  drink  of  them. 
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In  consequence  of  the  great  trouble  and  expense  attendant 
upon  the  process  of  water-retting,  the  hemp  is  frequently  le;ft 
for  seed;  in  which  case,  it  is  commonly  stacked  up  and  well 
covered  for  the  winter  season,  in  order  that  it  may  be  thinly 
spread  out  in  about  January  or  the  following  month.  Where 
this  can  be  executed  during  the  period  of  a  snow,  the  hemp 
comes  much  more  readily  to  a  good  colour,  and  forms  strong 
coarse  cloths ;  but  it  is  far  inferior  to  that  pulled  in  due  sea- 
son, and  which  has  undergone  the  water-retting  operation. 

Various  contrivances  have  been  made  in  the  form  of  ponds 
and  pits,  for  the  steeping  of  hemp  ;  but  the  one  which  seems 
to  possess  the  most  merit  is  described  in  the  Norfolk  Report, 
as  the  invention  of  Mr.  Rainbeard ;  by  using  of  which,  the 
hemp  can  be  deposited  in  the  pit,  without  the  necessity  of 
any  person  getting  wet.  The  pond  is  an  old  marl-pit, 
with  a  regular  slope  from  one  side,  where  the  hemp  is  pre* 
pared,  to  the  depth  of  eight  feet  on  the  other  side.  On  the 
slope,  above  the  water,  the  hemp  is  built  into  a  square  stack 
upon  a  frame  of  timber,  of  such  a  height  as  will  float  and 
bear  a  man  without  wetting  his  feet:  this  is  slid  down  upon 
the  frame  into  the  water,  and  a  person  on  the  opposite  bank 
draws  it  to  the  spot  where  it  is  to  be  sunk.  Mr.  Rainbeard 
has  found  by  experience,  that  the  hemp  does  soonest  at  the 
bottom,  and  would  not  object  to  16  feet  of  water.  By 
means  of  this  very  useful  contrivance  he  can  put  in  a  wagon* 
load  in  an  hour.  The  sheaves  are  taken  out  one  by  one  in  the 
usual  way ;  but  it  is  suggested,  that  some  more  expeditious 
and  simple  contrivance,  either  upon  the  principle  of  the  lever, 
or  some  other,  should  be  resorted  to,  for  effecting  the  desired 
purpose. 

In  preparing  the  hemp  for  the  hackle,  the  work  is  executed 
chiefly  by  the  beetle,  first  using  a  coarse,  and  then  a  finer 
brake  s  it  maVt  however,  be  more  expeditiously  performed  by 
the  rollers  ox  a  lint-mill.  In  either  mode,  shaking  the  hand- 
fuls  frequently  with  force  is  necessary.  In  cases  where  the 
plant  has  not  been  sufficiently  watered  to  loosen  the  rind,  the 
operation  of  peeling  must  be  performed  by  the  hand. 

Another  method  for  effecting  this  purpose  is  the  hemp- 
mill,  which  is  much  used  in  America.  It  consists  simply  of 
a  large  heavy  stone  in  the  form  of  a  sugar-loaf,  having  the 
small  end  cut  off.  Thus  shaped,  it  readily  moves  round 
in.  a  etrcle,  when  passing  upon  a  plane.  The  motion  is 
Ivta^bj  the  impulse  of  water  on  a  wheel,  and  the  hemp, 
fittd  on  the  receiving  floor  of  the  mill,  is,  by  the  weight 
tf  die  atone,  perfectly  crushed  and  broken. 
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Still,  however,  the  fluted  rollers  of  a  lim^mill  are  the  best 
XDCaDs  of  performing  the  work,  provided  sufficient  care  be 
talen  Co  guard  against  accidents. 

When  the  hemp  has  been  completely  broken,  it  is  sub- 
mitted to  another  operation,  called  swingling,  or  scotching; 
the  intention  of  which  is,  to  separate  the  reed  frona  the 
hemp.  This  operation  is  sometimes  performed  by  a  labourer, 
who  takes  a  handtul  of  hemp  in  his  left  hand,  aod  while 
holding  it  over  the  sharp  edge  of  a  board,  strikes  it  with  the 
fine  edge  of  a  long  flat  straight  piece  of  wood,  usually  termed 
a  swingle-hand  orscotcher;  but  this  way  is  both  laborious 
and  tedious,  consequt-ntly,  mills  moved  by  water,  having  a 
number  of  scutchers  fixed  upon  the  aame  axle-tree,aud  mov- 
ing with  great  velocity, are  much  more  frequently  used.  The 
work,  in  this  case,  is  executed  with  much  greater  expedition, 
and  far  less  fatigue  of  the  workman  -,  but  the  velocity  of  die 
mill  occasions  a  great  waste  of  hemp. 

Before  the  hemp  prepared  in  this  manner  is  subjected  to 
the  hackle,  it  mostly  undergoes  another  process,  termed 
beetling;  by  which  the  fibres  of  the  hemp  become  more 
loosened  and  divided.  The  beetles  employed  with  this  in- 
tention are  moved  by  the  power  cither  of  the  hand  or  water, 
which  may  be  considered  best. 

The  implements  used  in  preparing  hemp  for  the  operation 
of  spinning  are  so  very  similar  to  those  descrilied  in  the  pre- 
paratory processes  of  the  (lax-manufacture,  that  we  do  not 
consider  it  necessary  to  give  more  than  a  general  descripUon 
of  the  processes  ;  we  shall  therefore  conclude  this  article  with 
an  accurate  description  of  a  patent,  taken  out  by  Mr.  George 
Duncan,  of  Liverpool,  in  March  1813,  for  his  improvements 
in  the  different  stages  of  rope-making,  and  for  certain  ma- 
chines adapted  for  the  same. 

The  first  part  of  the  process  which  he  has  described,  is 
that  for  spinning  the  yarn  for  all  kinds  of  cordage,  lines,  and 
twine. 

In  this  part  of  the  invention  there  are  two  railways,  adjoin- 
ing and  parallel  with  each  other,  fixed  along  the  spinning- 
ground  or  rope-walk,  from  one  end  of  it  to  the  other.  Upon 
each  of  these  railways  a  machine  for  spinning  the  yarn  is  made 
to  travel  alternately  backwards  and  forwards,  one  setting  off 
from  the  bottom  of  the  ground  at  the  same  time  that  the  other 
sets  off  ftom  the  top,  and  as  they  both  travel  at  the  same  rate, 
the  former  arrives  at  the  top  of  the  ground  at  the  same  time 
the  latter  arrives  at  the  bottom. 
These  spinniDg-machioes  are  in  every  respect  similar  to 
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each  other,  and  are  respectively  furnished  with  two  sets  of 
twisting  spindles  ;  one  set  being  placed  at  one  end  of  the  ma- 
chine, with  the  hooks  facing  the  top  of  the  spinning-ground ; 
the  other  at  the  opposite  end,  with  the  hooks  facing  the  bot- 
tom. The  spinners  employed  in  spinning  with  them  are,  ac- 
cordingly, divided  into  two  companies,  and  arranged  similar 
to  the  machines ;  the  one  company  at  the  top,  the  other  at  the 
bottom,  of  the  ground.  The  number  of  spindles  in  each  set  of 
each  machine  should  be  equal,  and  also  equal  with,  or  rather 
not  fewer  than,  the  number  of  spinners  in  each  company ;  or, 
in  other  words,  as  there  are  in  each  machine  two  equal  sets 
of  spindles,  (four  sets  in  all,)  the  number  of  separate  spin- 
dles in  the  two  machines  should  not  be  fewer  than  double  the 
vbole  number  of  spinners  employed ;  because  one  set  only  in 
each  machine  is  occupied  at  the  same  time  in  spinning,  the 
other  set  being  in  the  mean  time  engaged  iii  retaining  the  yams 
last  spun  from  it,  and  following  them  back  to  the  winding- 
machine. 

The  manner  in  which  the  operation  is  performed  is  as 
follows: — The  spinning-machines  are  placed,  as  before  de- 
scribed, one  at  each  end  of  the  spinning-ground,  on  its  respec- 
tive railway,  ready  to  set  off.  £ach  spinner  of  the  two 
companies  immediately  attaches  his  hemp  or  flax  to  the 
spindle  of  the  machine  that  is  nearest  to  him ;  and  the  motions 
of  both  machines,  excepting  those  of  that  set  of  twisting- 
spindles  facing  the  opposite  company,  are  then  struck  into 
geer,  and  each  machine  recedes  from  its  own  company,  spin- 
ning and  leaving  the  yarn  on  separate  guides  or  hooks  as  it 
proceeds  onwards,  the  one  down  and  the  other  up  the  ground, 
the  one  arriving  and  striking  itself  out  of  motion  at  the 
bottom,  when  the  other  arrives  and  strikesitself  out  of  motion 
at  the  top.  Each  spinner  of  the  two  companies  then  detaches 
the  3ram  in  his  hand  from  the  hemp  or  flax  which  he  was 
spinning,  and  fixes  the  end  of  the  piece  that  is  spun  to  a 
winding-up  reel,  in  a  machine  stationed  behind  or  near  him, 
vhile  the  other  end  still  remains  attached  to  the  spindle-hook 
of  the  machine  on  which  it  was  spun,  and  which  is  now  at  the 
further  end  of  the  ground. 

The  machines  have  now  changed  their  company ;  that  is, 
the  machine  which  formerly  belonged  to  the  company  at  the 
top,  now  belongs  to  the  company  at  the  bottom;  and  that 
which  belonged  to  the  company  at  the  bottom,  belongs  now 
to  the  c6mpany  at  the  top.  Each  spinner,  therefore,  of  both 
•companies,  immediately  attaches  his  hemp  or  flax  to  the 
spiadks  left  vacant  by  the  opposite  company,  and  the  motions 
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dies  to  which  the  hemp  or  flax  is  attached  being 
gecr,  the  spinning  proceeds  as  before  ;  during 
respective  winding-machines  wind  up  the  yams 
igularly  as  the  spinning-machine,  to  whose  spio- 
-e  attached,  and  which  have  remained  stationary, 
ntcB      wards  it  from  the  other  end. 

c  sp     ning  of  the  two  sets  of  yarn,  and    winding  up  of 
■vo  la^   spun,  being  finished  at  one  and  the  same  time, 
whole  machinery  again  stops,  and  each  spinner,  as  before, 
ediately  detaches  the  yarn  in  his  hand  front  the  hemp  or 
and  then  detaches  from  one     f  the  spindle-hooks  of  the 
ling-machine  jusi  arrived,  the  yarn  which  he  had  on  the 
er  occasion  spun,  and  which  has  just  been  wound  up  on 
— <»  of  the  reels  of  the  winding-machine,  as  closely  as  the 
■'t  length  necessarily  intervening  between  the  spinning  and 
'■"•^-machines  will  allow.     The  two  ends  of  these  yarns 
her,  so  that  the  yarn  just  spun,  lying  on  the 
I  along  the  whole    length    of   the    spinning* 
.J,i  ady  lobe  wound  up.  The  spinners  then  attach 

hemp  t  le  emptied  hooks,  the  machines  are  again 
ic  into  muEiun,  the  spinning  and  winding  go  on  as  before, 
.he  same  procedure  coniinuca  to  be  renewed  each  time, 
le  general  principle  which  constitutes  this  mode  of  opera- 
tion, and  consequent  facilities  of  the  invention,  arc,  that  one 
set  of  spindles  in  each  mactiine  is  always  employed  in  spin- 
ning, while  the  yarns  spun  hy  and  attached  to  the  hooks  of 
the  other  set  at  the  opposite  end  of  the  machine  are  winding 
up,  so  that  every  spinner  is  constantly  kept  at  work  in  spin- 
ning, excepting  the  short  interval  when  splicing  the  yam,  and 
preparing  to  set  on  to  spin.  Throughout  the  whole  of  the  ope- 
ration, therefore,  whatever  one  of  the  spinning  and  the  wind- 
ing machines  may  be  performing,  and  one  of  the  company  of 
spinners  employed  in  doing,  the  other  spinning  and  winding 
machines,  and  company  of  spinners,  are,  in  every  respect,  si- 
milarly engaged. 

An  endless  rope,  driven  by  an  external  machinery,  gives  the 
travelling  and  twisting  motions  to  both  spinning-machines; 
and  the  whole  of  these  motions  are  connected  with  and  bear 
a  given  proportion  to  each  other,  capable  of  being  regulated 
to  suit  the  speed  required.  The  two  winding-machines  may 
«lso  be  driven  by  the  endless  rope.  All  or  any  of  these 
machines  may,  nevertheless,  be  driven  by  distinct  endless 
ropes,  or  by  any  other  method  or  methods  in  use  for  driving 
locomotive  machinery,  provided  the  proportionate  speed  be 
kept  up. 
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The  application  of  the  rack,  hereafter  described,  will  be 
the  most  accurate  for  regulating  the  travelling*movement  of 
the  spinning  or  any  other  machine,  on  a  rope-walk ;  but  as  the 
resistance  in  the  present  case  is  very  trifling,  the  motion  given 
to  the  truck-wheels  of  the  spinning-machine,  as  shown  in  the 
engravings,  will  answer  the  purpose  at  less  expense. 

As  a  further  improvement,  Mr.  Duncan  invented  an  addi* 
tional  apparatus  for  giving  an  after-twist,  which  either  may 
or  may  not  be  adopted.  The  object  of  this  improvement  is, 
to  prevent  the  yarns  losing  strength,  which  otherwise  they 
do,  by  losing  twist  by  the  counter-twist  of  the  strand,  and 
other  subsequent  operations.  This  is  effected  in  a  simple 
and  convenient  way,  by  continuing  the  twisting  for  a  sufficient 
length  of  time  after  the  travelling  motion  of  the  spinning- 
machine  has  ceased;  by  which  means,  an  additional  twist  is 
given  to  the  yams  after  they  are  spun  to  their  full  length ; 
and  this  is  done  while  the  spinners  are  splicing  them  at  the 
other  end  of  the  spinning-ground,  and  preparing  again  to  set 
on  to  spin,  without  occupying  any  of  their  time  for  the  pur- 
pose. The  effect  of  this  part  of  the  invention  for  the  after- 
twist  has  been  produced  in  different  ways  by  others ;  but  by 
modes  either  so  complicated  or  expensive,  as  not  to  be  con- 
veniently available  in  practice. 

The  principal  advantages  to  be  derived  from  this  method 
of  spinning  are  the  following : 

First.  The  spinners  are  enabled,  at  much  less  expense,  to 
spin  a  greater  quantity  of  hand-spun  yarn  than  they  can  by 
any  other  method  in  the  same  space  of  time  ;  because,  except 
while  splicing  the  threads,  they  are  constantly  occupied  in 
spinning ;  and  have  neither  to  hook  up  the  threads,  nor  to 
travel  up  and  down  the  walk,  so  that  their  time  and  attention 
is  solely  confined  to  the  delivering  of  the  hemp  or  flax  from 
their  hands.  Secondly.  The  speed  of  the  spinning-machine, 
besides  being  uniform,  is  proportioned  to  the  full  extent  of 
work  the  spinners  can  conveniently  accomplish,  which,  in 
some  measure,  compels  them  to  produce  the  greatest  possible 

Suantity ;  and  as  the  machine  is  constructed  so  as  to  lift  the 
ireads  off  the  hooks,  and  follow  them  up  to  the  winding- 
Dachine,  little  or  no  attendance  is  required  from  wheel-boys 
or  IbUoWftrs.  Thirdly.  The  spinners  are  enabled,  partly  from 
Aieir  whole  skill  and  attention  being  confined  to  the  one 
**^*«ti  of  simply  delivering  the  hemp  or  flax  from  their 
y:mil^  '«<^*njj  from  the  reqiusite  de^e  of  twist  being 
mryt  to  prbdice  «  supenor  quality  of  yarn. 
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And  fourthly.  The  hemp  to  be  spun  by  this  machinery  msy 
cither  be  dressed  in  the  usual  way,  or  prepared  and  dressed 
on  the  hackling-macbines,  which  draw  out  the  whole  in  t 
long  sliver  ;  and  in  either  case  it  may  he  spun  from  the  end 
of  the  fibres,  by  which  means  the  strongest  yarn  is  formed- 
It  may,  however,  be  spun  from  the  spinner's  waist,  and  widi 
more  convenience  than  in  the  common  way,  because,  by  this 
method,  the  spiuiiL-rs  remain  always  in  a  room  at  each  end  of 
the  spinning-ground  ;  conscqucntty,  the  hemp  is  not  so  liable 
to  bt  discomposed  a»  when  they  have  to  travel  up  and  down 
its  whole  length;  oeither,  for  the  same  reason,  is  it  so  liable 
to  be  wasted- 

I'he  expense  attendant  upon  erecting  the  spinning  machi- 
I  nery,  with  all  its  connexions,  and  the  power  requisite  to  drive 
ii,  is  comparatively  trifling.  In  malting  the  spinning  machi- 
nery, various  forms  or  shapes  may  be  adopted,  as  they  may 
be  made  to  travel  on  railways  on  the  ground,  or  on  railways 
suspended  from  the  beams  of  the  rope-walk,  or  fixed  upon  or 
above  them,  as  may  be  thought  proper;  and  the  disposition 
of  the  necessary  machinery  mav  be  arranged  and  diversified 
to  suit  the  situations  of  the  railways,  and  the  construction 
and  conveuiences  of  the  rope-walk. 

The  mode  shoH-n  in  figs.  469,  470,  and  471.  is  most  prcfcrTpd  by  Mr.  Dsr- 
can,  merely  becnusc  it  occuplei  least  room  in  proportion  to  the  number  of 
ipindlcs  the  spinning'-machines  can  employ.  The  whole  width  of  a  rope- 
walk,  required  by  this  mode,  need  not  be  more  than  six  feet,  except  at  each 
end,  where,  of  course,  sufficient  width  convenient  for  the  spinners,  and  foe 
the  wiiidiiig-mHchlne  and  dresiied  hemp,  must  be  allowed.  In  tliis  narrov 
space  no  Icsa  than  cwcnly-Tour  thrcidi  may  be  constantly  kept  spinning  at 
one  time,  and  as  many  winding  upi  so  that  besides  CFCiy  other  advanta^, 
the  laving  in  the  orig-inal  cost  of  a  spinning-ground  on  tilis  plan,  and  in  the 
expense  of  covering;  it  in,  will  be  considerable. 

In  tlie  explanations  to  the  figs.  478  and  479,  is  shown  how  other  arrange- 
Dients  may  be  made  by  which  the  competent  mechanic  will  be  enabled  to 
adapt  or  diver^y  the  form  of  the  machines,  and  form  and  disposition  of  the 
machinery,  to  suit  any  aituation  in  a  ropery  which  is  most  convenient,  or  of 
little  use  for  other  purposes. 

In  that  part  of  the  drawing,  entitled  "Rope-spinning,"  from  A  to  B  is  sup- 
posed to  lie  the  spinning-ground,  shown  as  broken  ofi'  in  the  middle,  for  want 
of  room  to  show  it  in  lull  length;  C  C  and  C  C,  on  each  side  of  tJie  break,  is 
one  railway;  D  D  and  D  D  the  other. 

Hg.  469  ia  ■  plan  of  one  of  the  spinning-machines,  at  the  lop  of  the  gTDuniJ, 
on  the  railway  C  C. 

Fig.  470  is  the  other,  exactly  of  the  same  construction,  at  the  bottom  of  the 
ground,  on  the  railway  D  U;  and 

Fig.  471  is  a  side  elevation. 

Though  both  machines  are  precisely  similar,  yet  some  parts  of  the 
machinery  are  omitted  in  some  of  the  figures,  tliat  other  parts  may  be  seen 
more  distinctly,  and  iji  none  of  the  figures  are  the  whole  shawn  toother. 
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it  occurs,  shows  the  endless  rope  which  drives  both*  Aiachines, 
ilers  or  pullies  suspended  from  the  beams  L  oyer  head,  which 
rry  it. 

characters,  in  all  the  above  figures,  wherever  they  may  be  used, 
.me  part. 

«  framing  of  the  machines. 

ATo  grooved  sheeves,  fastened  upon  the  two  upright  shafls 
best  seen  in  fig.  471,)  driven  contrary  ways  by  means  of  the 

5T  in  which  the  rope  goes  round,  and  grasps  the  sheeves,  and 
ir  contrary  motion,  is  best  seen  in  fig.  470. 

e  and /are  two  spur-wheels,  fixed  upon  the  shaft  c  and  d,  with 
ialize  their  motion. 

ig  motions  for  each  set  of  spindles  are  driven  by  their  respec- 
bich,  at  the  same  time,  drive  all  the  travelling  motions.  But 
motions  for  one  end  only  are  driven  at  a  time;  for  while  the  shaft 
it  to  the  end  from  which  the  spinners  are  spinning,  is  driving  the 
ons  of  that  set  of  spindles,  together  with  all  the  travelling  motions, 
rest  to  the  other  end  is  not  drivhig  any,  though  both  shafts  are 

n  the  travelling  motions  are  two  pinions,  upon  loose  rounds, 
riving  the  wheel  t,  which  is  fast  upon  the  short  upright  shaft  Ar, 
miy  in  fig.  471.  On  the  lower  end  of  this  shaft  is  the  bevel- 
ing, by  means  of  another  bevel-wheel,  m,  the  cross  shaft  n,  upon 
'hich  are  fastened  the  sheeves  1,  2,  3,  and  upon  the  other  the 
,  6,  seen  best  in  fig.  469.  These  sheeves  are  of  different  sizes, 
'  at  each  end  of  the  shafl  is  in  use  at  a  time;  o  and  p  arc  the 

the  truck-wheels,  having  the  sheeves  7,  8,  9,  fastened  upon  o, 
he  sheeves  10,  11,  12.  The  four  truck-wheels  q  are  also  fast- 
he  shafts  0  and  27,  and  motion  is  given  to  them  by  two  belts; 
'om  any  one  of  the  sheeves  1,  2,  3,  and  tlie  other  from  any  one 
cs  4,  5,  6,  each  belt  running  upon  its  corresponding  sheeve  on 
the  truck-wheel.  The  turning  round  of  these  axles  impels,  ao- 
le  motion  given  to  them,  the  machine  forward;  which  motion  can, 
es  being  of  different  sizes,  be  regulated  as  occasion  may  require, 
wer  end  of  the  shafts  c  and  d  of  the  twisting  motions  are  the 
id  s,  on  loose  rounds,  each  in  its  turn  carried  about  by  catch- 
tall  be  hereafter  explained,)  and  driving  the  upright  rollers  or 
ind  II,  by  means  of  belts  going  round  the  sheeves  /  and  v,  fast- 
axles  of  tlie  rollers.  These  rollers  give  motion  to  the  twisting 
icparate  l)ands  or  belts  passing  round  a  whirl  on  each  spindle;  in 
c  are  placed  twenty -four  spindles,  twelve  at  each  end,  or  six  at 
of  each  end,  the  positions  of  which  are  seen  in  figs.  469  and  470. 
Iiese  figures,  one  spindle  at  each  of  the  four  comers  only  appears, 
e  being  ranged  in  a  direct  line  underneath i  but  the  manner  in 
•ange  is  seen  in  fig.  471.  In  fig.  471,  twelve,  or  one-half  of  the 
pindles,  appear  on  the  nearest  side;  six,  or  half  a  set,  at  each 
.er  half  appear  similarly  situated  on  the  opposite  side.  These 
;  alternately  employed,  the  one  in  spinning,  and  the  other  in 
following  the  y:ims  tliat  are  winding  up;  rr,  fig.  471,  are  ratchet- 
ratches,  placed  on  the  axles  of  the  rollers  G  and  H,  to  keep  the 
iitwisting"  when  winding  up. 

and  470  best  show  the  carriers,  projecting  from  the  frame  in 
listing  spindles  run;  the  form  and  use  of  them,  and  of  the  whirls 
,  are  so  obvious,  that  it  is  not  necessary  to  point  them  out  in  any 
;s  by  a  distinguishing  character  of  reference;  and,  for  the  same 

of  the  bunds  or  belts  are  marked. 
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Having  sr»  f;*r  HrsrriboH  fhr  difler^'nt  motions  and  appuricnanrcs  of  i'l* 
»<p"inMinfr-nintliiiio,  v  r  *i\vA}\  now  pro«  erd  more  particularly  to  explain  tb* 
ni:innvr  in  whii  b  tij.  y  opcralf. 

\\\  an  in*.]!*-!  tion  of  lij;f.  471,  it.  will  he  seen,  that  the  catch  of  the  r:*««li- 
ho\  1.^  IS  in  r'>nt:««  t  with  the  ratfli  of  the  pinion  A,  and  the  *  alt  h  nf  tlij 
cairli-box  1 1  v  ith  thr  catch  of  the  shccvos  I,  and  that  tlio  catches  of  lis-, 
l)oxi"b  16  and  I'i  art*  not  in  contact  with  the  corresponding"  pinion  ff  an-i 
shi'cvf  I'. 

ir  and  18  arc  two  stpurit**  levers,  one  at  each  end  of  the  machinr, 
altirn:4toIy  usi-d  for  striking:  into  pi-cr  the  catches  ahovc  mciuioncd;  th? 
Kvir  17  'iiTxin};-  for  the  two  boxes  13  and  lU  and  the  lever  18  for  the  twn 
hoxcs  15  and  ir>.  19  antl  20  act  as  swing-crs  or  levers  from  the  joints  Jl  and 
'22,  buvinj^  claw  endb  to  j;rasp  the  catch-boxes  13  and  14:  and  being'  coupled 
with  tlic  main  lever  17,  l\v  means  of  the  connecting*  rod  23,  move  ihein  eithc- 
iip  or  down.  AVhcn  in  i>^eer  they  are  held  firm  by  the  sncck  24?  but  on  rur- 
ninj»-  against  a  <ixtinv  at  one  end  of  tin*  spinning'-gronnd,  are  pulled  back, 
whirh  causes  all  the  motions  of  the  machine  to  stop.  The  machine,  howevf  r. 
may  at  any  time  be  slopped,  as  occasion  may  require,  by  pulling  back  ihi 
sncck  by  hand.  The  two  mam  levers  17  and  IS  are  so  weighted  at  the 
handle  tnd,  that  when  disenj^ajjed  from  their  snccks  the  catch-boxcs  :dwa;.< 
fly  out  of  g-fcr.  The  machine  is  put  in  motion  b\  raising  the  main  lc\  i.r  Ij'  - 
the  sncck  by  hand.  All  the  m-.uhinery  on  each  side  of  the  wheel  i,  ui  each 
end  of  the  machine,  is  precisely  ahke:  tlic  description  iherol'oro  ;ri^»Mi  of 
one  end  may  answer  for  the  other.  The  twistinff  motions  at  ea«-b  tMul  -.irc 
never  in  goer  at  the  same  time;  for  those  at  one  end  arc  engaged  in  >pinnir.^ 
onr  set  of  threads,  while  those  at  the  other,  whose  spindlc>  retain  r-.nd  tol- 
low  up  the  other  set  of  threads  (last  spun,)  to  the  winding-mac  hi  iu\  reui  lin 
at  rest.  All  the  four  catch-boxe.s  H,  14,  15,  and  Ifi,  constantly  go  muni 
with  the  shafts  c  and  «/,  by  incaub  of  feathers  in  the  shafts  acting  in  gifK»\  es  i:: 
the  boxes. 

>Vlicn  the  catch-box  14  is  in  contact  with  the  sheeve  s  it  gi\es  njf»-ir>:. 
to  tl'.i-  srt  f»f  tvis*".:"-.'- ^].inrlli.>  ijclnnging  to  the  rolhr  II,  .'it   ilio  «;»iiii    •■•' 
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•n  their  spindles,  a  description  of  which  is  unnecessary,  as  the  movements 
and  construction  of  such  machines  are  well  known  and  understood.  In  the 
figure  they  are  represented  as  only  winding  one  yam  on  each  reel,  in  order 
to  explain  the  improved  or  patent  method  of  rope-making;  but  more  thaa 
one  yam  may  be  wound  on  any  one  of  these,  or  any  other  kind  of  reel,  that 
may  be  used  in  my  method  of  spinning,  for  the  convenience  of  the  common 
method  of  rope-making,  or  for  other  purposes.  It  is  neither  convenient,  nor 
necessary,  that  the  endless  rope  should  cease  motion,  when  the  spinning- 
machines  have  arrived  and  struck  themselves  out  of  geer  at  the  top  and  bot- 
tom of  the  ground;  consequently  we  will  suppose^  uiat  the  endless  rope  isia 
motion,  and  all  the  other  parts  of  the  machinery  at  rest,  excepting  tlic  two 
shafU  e  and  d,  and  their  respective  catch-boxes.  The  datcli-boxes  of  each 
shaft  in  both  machines  are  in  the  position  of  15  and  16,  as  seen  in  fig.  471. 
£ach  spinner  in  the  two  opposite  companies  having  now  attached  the  hemp  to 
the  spindles,  nothing  remams  to  be  done  but  to  raise  by  hand  the  lever  17, 
fig.  471,  (which  in  the  engraving  appears  to  be  already  done,)  and  tlie  cor- 
responding lever  in  tlie  opposite  maclrine;  which  will  cause  the  spinning  and 
winding  to  proceed  in  the  manner  already  described. 

When  the  machines  stop,  each  spinner  splices  his  thread,  and  throws  it  on 
the  nearest  guide  x,  to  keep  it  out  of  the  way,  and  to  conduct  it  to  the  wind- 
ing-machine. The  groiovcd  sheeves  a  and  5,  on  the  top  of  the  shafts  c  and  </, 
to  which  the  endless  rope  gives  the  first  motion,  may  be  changed  when  re- 
quired for  sheeves  of  a  larger  or  smaller  diameter,  for  the  purpose  of  dimi- 
nishing or  increasing  all  the  motions  in  a  proportionate  degree.  For  the  same 
purpose  the  wheel  or  sheeve,  which  gives  motion  to  the  endless  rope,  may 
also  have  grooves  of  different  diameters.  The  sheeves  that  may  be  changed 
for  increasing  or  diminishing  the  twisting  motions,  are  the  four  sheeves  /  r  for 
one  end  of  the  machine,  and  v  a  for  the  other,  as  seen  in  fig.  471.  In  order  to 
obtain  more  or  less  travelling  motion,  the  belts  may  be  made  to  run  either  on 
the  sheeves  1  and  9,  and  6  and  10,  or  on  2  and  8  and  5  and  11,  or  on  3  and  7 
und  4  and  12,  as  seen  in  fig.  469. 

Fig.  475,  (within  which  are  figs.  476,  477,  478,  and  479,)  represents  an 
end  view  of  a  rope-ground  building,  set  down  as  eighteen  feet  wide  inside. 
It  is  merely  divided  into  portions,  to  show  some  different  modes  of  diversify- 
ing spinning-macliines  upon  this  principle,  the  different  situations  in  which 
they  may  work,  and  the  proportion  of  room  they  may  occupy  according  to 
the  number  of  spindles. 

Figfs.  478  and  479  show  end  views  of  two  forms  of  spinning-machines, 
different  from  each  other,  and  from  tlie  one  already  described;  but  all  upon 
the  same  principle.  The  machine  in  fig.  478  is  represented  as  moving  on  a 
railway  M  M,  undcmeath  the  beam  L,  having  spindles  both  above  and  be- 
low. The  parts  shown  in  the  figure  are  as  follows:  N  N  two  of  the  truck- 
wheels.  O  P  the  endless  rope  sheeves.  Q  one  of  the  rollers  for  turning  the 
spindles.  R  a  sheeve  on  the  end  of  the  roller,  answering  the  same  purpose 
as  t  and  v  in  fig.  471.  W  part  of  a  sheeve  on  the  truck-wheel  axle,  answer- 
ing the  same  purpose  as  one  of  those  on  the  axles  o  and  p  in  fig^.  469  and 
470.  The  carriers,  tlie  whirls,  the  spindles,  and  their  bands,  in  this  machine 
are  the  same  as  in  the  spinning-machine  already  described*  and  their  situa- 
tions are  so  obvious,  as  not  to  require  particular  characters  of  reference. 
Sucli  part  of  the  figure  as  consists  of  framing  will  be  obvious.  One  side  of 
the  railway  is  fixed  to  the  post  K;  the  other  side  is  fixed  and  rests  upon 
the  iron  fixture  S,  hanging  from  the  beam  L,  which  also  scr\'es  tlie  same 
purpose  for  the  adjoining  railway.  X  one  of  the  guide  pullies  for  the  end- 
less rope.  T  a  rail,  (which  may  occasionally  be  removed,)  laid  across,  and 
answering  the  purpose  of  both  railways,  from  post  V  to  K,  having  upright 
pins  at  proper  distances,  for  the  purpose  of  bearing  and  keeping  separate 
the  yarns  of  the  lower  spindles.    The  hooks  fixed  to  the  under  side  of  the 
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beim  L  we  to  answer  the  aaine  purpose  fnr  the  yxm*  of  llie  upper  spindlu 
In  order  to  Uj  the  yuraa  upon  thc&e  buokii,  ft  Kpimte  piide  upon  c»clr 

S indie  is  fixed  upright  in  a  slender  nil,  bstcneil  to,  and  pmjeclii^  two  or 
ree  feet  from,  nnd  pukllel  with,  «>ch  end  of  the  nkchine.  The  ^ape  d4' 
these  giiiilea  is  the  sune  as  the  books  in  the  beam,  with  this  exception,  that 
each  one  bss  an  eye  at  the  point,  to  conrey  the  yams  in  a  slanting  direction 
from  the  spindles,  and  to  lay  then  upon  tbcir  respective  hooks  in  tbe  bean 
when  spinning,  and  also  to  lift  tbem  oW  when  winding  up.  The  manneT  in 
which  the  guides  pass  between  the  hooks  may  be  setJi  in  fi^.  477,  where  t 
represcnti!  the  projecting  riul;  4"  the  guides,  two  only  of  which  arc  nurkedi 
it  must  here  be  iindenttood,  that  the  spindles  are  not  opposite  the  eye*  of 
their  respective  guides,  but  exactly  opposite  the  uprig;ht  pan  of  Ibcm,  and  on 
a  level  with  the  eyes.  There  arc  many  other  ways  by  which  the  bookinr  up 
of  the  yams  may  be  effected,  but  the  method  jast  described  is  conceived  to 
be  the  most  simple.  The  space  between  the  pott  V  and  the  imn  fixture  8,  ii 
tlic  room  to  be  occupied  by  the  other  splnmng-rnachine. 

The  spinning-machine,  Sg.  479,  is  represented  as  moving'  on  a  rvilwaf, 
Isid  u[ion  the  beam  L.  It  will  be  seen  that  this  machine  is  nothing'  more 
than  the  lower  part  of  the  one  last  described,  having  no  spindles  on  the  oppet 
part.  The  guide  pins  w*  in  tliis  method  driven  into  the  beam.  The  coiptj; 
■pare  lo  the  tight  of  this  machine  is  the  room  to  be  occupied  by  ila  fcUnv 
The  letters  of  reference  used  in  fig.  10,  and  its  appurtenances,  applf  to  the 
■amc  parts  whenever  they  are  used  in  fig.  479,  and  its  appurtenances. 
Thougli  these  machines,  (the  end  views  of  which  arc  shown  in  figs.  478  and 
47^, )  are  tUfTerent  from  each  other  in  fortn  and  arrangement  of  machinery, 
and  alio  (rem  the  fbnn  and  srrangiMncnt  of  the  one  shown  in  figi.  469,  47i), 
and  471,  yet  the  same  principle  of  the  travelling  and  twisting  motions  it  ap- 
plicable tn  all,  and  therefore  it  is  unncceiisary  lo  enter  into  further  oplana- 
tioni  respecting  them. 

Fig.  4B0  shows  the  method  of  giving  tlie  after-twist,  A«  the  ipparato.' 
for  lliis  purpose  ii  lo  be  applied  to  cnob  (if  'Ik-  cndlcts  rope  [■h*fts  in  each 
machine,  <t  description  of  the  apparatus  as  belonging  to  one  of  them  mi} 
be  sufficient.  Tliia  figure  is  a  wde  view  of  the  apparatus,  and  is  repreacnted 
as  applied  to  tile  shaft  d,  in  fig,  471^  the  same  characters  of  reference  there' 
used  bcin;;  retained  in  the  present  figure,  where  they  denote  the  tame  puts 
The  apparatus  for  the  after-twist  is  merely  an  addition,  which  on  the  lower 
part  of  the  figure  consists  of  a  catch  on  the  under  ude  of  the  sheeve  i,  a  cor- 
responding  ratch  and  catch-box  35,  carried  round  by  the  shaft,  and  the 
lever  or  swinger  36  to  act  on  the  cstcb-box.  The  rod  23  is  lengthened,  to 
connect  this  swinger  with  the  otlier  two.  On  the  upper  part  of  the  figure 
is  the  remainder  of  the  apparatus,  consisting  of  a  catch  on  the  upper  side  of 
the  calcli.box  I3i  the  worm  on  a  loose  round  on  the  shaft  27,  with  a  catch 
on  the  under  side,  to  operate  with  its  corresponding  catch  on  the  catch-box 
13{  the  screw-wheel  28  to  act  in  the  worm;  the  arm  29,  on  a  loote  round  on 
the  axis  of  the  screw-wheel,  confined  near  the  circumference  of  the  wheel 
by  ttic  staple  30,  but  having  play  the  width  of  tlie  staple,  the  end  of  the  arm 
farthest  from  the  axis  being  intended  to  act  on,  snd  press  down,  the  swinger 
19:  and  the  spring  31,  fixed  on  the  wheel,  which  presses  against  the  back  of 
the  arm. 

The  whole  of  the  machinery  in  the  figure  is  represented  out  of  the  geer, 
and  is  in  the  position  as  when  ready  to  Set  off  from  one  end  of  the  spinning, 
ground,  lo  follow  the  yams  to  the  winding-machine.  In  that  position  it 
continues  until  it  has  arrived  at  the  winding-machine,  and  the  yams  are 
disengaged  from  the  spindles  when  the  main  lever  17  is  hfled  up  by  band 
into  the  catch  24,  for  the  purpose  of  putting  the  spinning  and  travelling  mo- 
tions  into  gcer,  as  formerly  described.  By  the  raising  up  of  this  lever  the 
swinger  19  is  puUed  down,  and  the  arm  29  is  tfau«  duet^agvd;  which  ha> 
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in{[  play  within  the  staple,  swingfs  forward  by  its  own  weight,  clear  of  the 
BWinger,  which  is  hollowed  or  bent  at  that  place  for  the  purpose.  The  ob- 
ject of  this  is,  that  the  arm  may  not  be  in  the  way  of  the  swing-er  19  the 
next  time  it  goes  into  geer  with  the  worm.  When  the  machine  has  returned 
to  the  other  end  of  the  ground,  and  the  yams  consequently  are  spun  to  their 
full  length,  the  catch  24,  on  which  the  mtan  lever  rests,  is  thrown  back  by 
thfe  machine  going  against  a  fixture  in  the  ground,  as  has  been  before 
mentioned,  and  the  lever,  (being  sufficiently  weighted  at  the  handle  end,) 
drops  down,  by  which  means  the  travelling  motion  is  stopped.  The  twitt- 
ing motion  would  also  be  stopped,  were  it  not,  (as  will  be  seen  from  the 
figure,)  that  though  the  catch-box  14  is  thrown  out  of  geer  with  the  sheeve  « 
on  the  upper  side,  the  catch-box  25  will  be  at  the  same  instant,  and  by  the 
same  movement,  thrown  into  geer  with  it  on  the  under  side,  so  that  the 
twisting  motion  continues.  The  under  side  of  the  catch-box  13,  being 
thrown  out  of  geer  with  the  pinion  k,  (which  stops  the  travelling  motion,) 
the  upper  side  of  it  will  be  at  the  same  instant,  and  by  the  same  movement, 
thrown  into  geer  with  the  worm  27,  which  consequently  gives  motion  to  the 
screw-wheel  28;  the  arm  29,  (which  it  will  be  recollected  is  then  hanging 
down,)  is  also  carried  round  with  the  wheel;  and  when  it  comes  in  contact, 
having  nearly  made  one  resolution  with  the  swinger  19,  it  forces  it  down, 
and  by  this  means  puts  the  catch-box  25,  as  well  as  its  own,  out  of  geer,  and 
causes  the  whole  of  the  machinery  to  stop.  The  use  of  the  spring  3l,  press- 
ing against  tlic  back  of  the  arm,  is  to  cause  it  to  force,  as  soon  as  the  catches 
13  and  25  are  out  of  geer,  the  swing^er  19  a  little  further  down,  which  it  will 
then  be  enabled  to  do,  in  consequence  of  the  resistance  against' it  being  de- 
creased; the  object  of  this  is  to  prevent  any  jarring  of  the  catches  when  in 
that  situation.  The  spring  is  prevented  forcing  too  far  by  a  stop.  Another 
method  of  forcing  the  swinger  thus  much  further  down  may  be  adopted,  by 
fixing  a  pin  or  fang  to  project  from  the  framing  of  the  nnichine,  so  as  tho 
end  of  the  spring  above  mentioned  may  come  in  contact  with  it  a  little  before 
the  time  when  the  arm  begins  to  force  down  the  swinger,  in  order  that  tho 
arm  may  be  relieved  from  the  pressure  of  the  spring  until  the  arm  has 
forced  the  swinger  down  nearly  to  the  point  of  sending  the  catches  out  of 
g^eer,  at  which  time  the  end  of  the  spring,  having  g^t  free  of  the  pin,  comes 
with  a  sudden  blow  against  the  back  of  tiie  arm,  and  thus  sends  down  the 
catches  clear  of  those  with  which  they  were  in  geer;  the  spring  in  this  case 
also  is  prevented  from  forcing  too  fit  by  means  of  a  stop.  l*he  time  the 
screw-wheel  is  in  gt>ing  round  is  the  time  allowed  for  the  after-twist:  but 
should  one  wheel  not  allow  sufficient  time  for  the  purpose  the  motion  may 
he  fartl^er  decreased,  by  any  usual  and  well-known  means,  and  change  wheels 
may  be  applied  to  suit  the  different  kinds  of  yam. 

In  tempering  the  strands  of  all  kinds  of  cordage,  whether 
shroud,  hawser,  or  cable-laid,  it  is  well  known  that  from 
various  causes  an  inequality  of  tension  between  the  different 
strands  intended  for  the  same  rope  takes  place,  and  is  most 
commonly  apparent  during  or  after  the  operation  of  hardening, 
some  of  the  strands  becoming  too  slack,  others  too  tight,  and 
consequently  of  unequal  lengths,  though  originally  they 
may  have  been  of  equal  length,  and  have  received  the  same 
twisting  or  number  of  turns  by  machinery  of  the  most  improv- 
ed and  perfect  construction.  In  cases,  therefore,  where  this 
inequality  appears,  the  strands  require  to  be  rectified,  by  being 
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brouglit  to  an  equal  degree  of  tension,  in  order  that  each 
may  bear  its  equal  portion  of  strain  in  the  rope  when  made. 
The  operation  for  effecting  this  object  is  commonly  called 
tempering  the  strands;  and  the  method  in  general  practice  is 
to  give  more  twist  to  a  slack  strand,  or  to  take  twist  out  of  a 
tight  one,  or  to  do  both.  In  some  rope-grounds  where  the 
machinery  is  driven  by  steam,  or  other  conaidcrablc  power, 
the  method  adopted  is  to  give  more  twist  to  the  slack  strands, 
which  is  done  by  stopping  the  twisting  of  the  tightest  strand, 
by  throwing  its  hook  out  of  gecr,  and  to  keep  it  wailing  in 
that  position  until  the  slack  strands  have  twisted  up  to  the 
same  tension. 

These  methods  in  most  cases  are  defective;  because  the 
strand  to  which  more  twist  is  given  is  thereby  rendered  less 
pliable,  and  is  of  smaller  circumference  ;  consequently  it  can- 
not top  or  lay  up  in  the  rope  evenly  and  regularly  with  the 
other  strands  which  have  less  twist;  for  the  harder  twined 
one  will  tn  the  rope  sink  inwards,  and  the  others  stand  out- 
wards and  torm  more  of  a  spiral  round  the  harder  tvristcd  one, 
which  will  thereby  have  more  than  its  proportionate  strain 
in  the  rope  to  bear,  and  will  also  be  least  enabled,  when 
under  a  strain,  to  stretch  up,  so  as  to  avail  itself  of  the  as* 
sistance  of  the  others,  and  by  consequence  roust  be  the  first 
to  break.  Should  the  inequality  of  tension  be  occasioned  by 
any  original  inequality  of  thickness  in  the  strands,  the  smallest 
one  will,  during  the  process  of  hardening,  become  the  slack- 
eat,  and  in  tempering  by  twisting  it  up  to  the  tension  of  the 
tightest,  the  inequality  of  size  will  by  that  means  be  increased; 
for  the  more  it  is  twisted,  the  still  smaller  in  circumference, 
as  well  as  shorter  in  length,  will  it  become.  But,  supposing 
all  the  strands  were  originally  of  equal  thickness,  aad  that  the 
inequality  in  tension  proceeded  entirely  from  an  error  in  the 
original  lengths;  it  is  plain,  that,  by  tempering  according  to 
the  methods  in  question,  (and  no  other  methods,  after  the 
strands  are  lixed  on  the  hooks,  and  the  work  has  commenced, 
can,  by  any  machinery  hitherto  in  use,  conveniently  be  adopt- 
ed,) the  same  defective  principle  still  applies,  which,  by  causing 
one  strand  to  be  harder  twisted,  and  consequently  to  become 
of  a  smaller  size,  and  another  to  be  softer  twisted,  and  to  be- 
come of  a  larger  size,  prevents  the  whole  from  jointly  forming 
a  regular  and  perfect  rope,  and  to  stretch  equally  when  under 
a  strain,  as  already  described. 

As  a  more  convenient,  accurate,  and  certain  method,  than 
any  hitherto  practised,  appeared  to  be  necessar>-,  Mr.  Dun- 
can invented  and  adopted  a  new   mode   of  tempering   the 
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Strands  of  all  kinds  of  cordage,  whether  shroud,  hawser,  or 
crable-laid :  the  nature  and  general  principle  of  which  is,  to 
cause  any  one  strand-hook  of  the  foreboard,  or  foreboard-ma- 
chine,  when  the  strand  attached  to  it  requires  to  be  tightened, 
to  recede  from  its  corresponding  opposite  hook  of  the  sledge 
or  stranding-machine,  to  which  the  other  end  of  the  strand  is 
attached ;  or  when  it  requires  to  be  slackened,  to  cause  it  to 
advance  towards  its  corresponding  opposite  hook,  thus  bring- 
ing all  the  strands  to  an  equal  tension,  without  one  strand- 
hook  making  more  revolutions  than  another.  And,  what  is  of 
essential  importance  to  this  invention,  the  operation  may  be 

Eerformed  leisurely,  as  occasion  may  appear  to  require,  either 
efore,  during,  or  after  hardening  the  strands,  without  stop- 
ping the  twisting,  or  other  motions,  or  occasioning  any  inter- 
ruption to  them  whatever ;  and  with  more  ease,  minute  accu- 
racy, and  useful  effect,  than  by  any  other  method  yet  practis* 
ed  for  the  purpose. 

In  order  more  particularly  to  exemplify  and  illustrate  this 
part  of  the  invention,  we  have. annexed  engravings  of  the  ma- 
chinery which  Mr.  Duncan  has  contrived  and  adapted  for  the 
purpose. 

In  fi^.  481,  ABC  represent  the  upper  part  of  the  framing  in  which  the 

mmchinery,  placed  at  the  foreboard,  is  fixed;  C  being  the  front  of  it,  facing 

or  looking  down  the  rope-walk.    D  is  a  toothed  wheel,  receiving  motion 

from  any  external  machinery.     This  wheel  drives  the  other  toothed  wheel  E, 

and  either  of  them  can  be  changed  to  suit  the  speed  of  the  motion  required. 

The  toothed  wheel  E  is  fixed  upon  the  axis  of,  and  gives  motion  to,  the 

toothed  wheel  or  fluted  cylinder  F;  which  cylinder  drives  the  four  pinions 

1,  2,  3,  4,  whose  axles,  to  the  hooks  of  which  the  rope  strands  are  attached 

vhen  twisting  and  tempering,  arc  the  four  strand-hook  spindles  a,  b,  c,  d. 

To  answer  the  purpose  of  the  invention,  the  strand-hook  spindles,  besides 

having  the  rotative  or  twisting  motion  which  we  have  already  described, 

are  so  contrived,  for  the  tempering  of  the  strands,  that  any  one  or  more  of 

them  may,  while  the  twisting  motion  is  or  is  not  going  on,  be  made  to 

slide,  in  a  horizontal  direction,  parallel  with  the  axle  of  the  cylinder  F, 

along  any  part  of  its  length,  cither  backward  or  forward,  as  shall  now  be 

explained.     The  strand-hook  s])indles  having  to  slide,  as  has  been  said,  in 

a  direction  parallel  to  the  axis  of  the  cylinder,  are  of  course  placed  in  that 

direction,  and  so  as  their  pinions  may  pass  each  other.    The  positions  of 

these  pinions  round  the  cylinder  are  seen  in  fig.  482,  which  represents  a 

front  view  of  the  machinery;  the  same  references  m  each  fig^irc  being  used 

to  denote  the  same  part.     As  all  the  four  stmnd-hook  spindles,  with  their 

accompaniments  and   immediate   connections,   are    precisely  the   same,   a 

description  of  one  will  be  sufficient;  we  will  therefore  take  the  spindle  L, 

in  fig.  481.     G  H  is  a  long  or  male  screw,  a  few  inches  longer  than  the 

cylinder,  upon  which  is  fitted  the  nut  or  female  screw,  e,  having  spokes  or 

arms,  to  admit  of  it  being  turned  by  hand.    Joined  fast  to  this  long  screw 

IS  a  head-piece  or  claw  /,  within  which  a  carrier  or  step  is  fitted,  and  iu 

which  the  adjoining  end  of  the  strand-hook  spindle  revolves.     Two  collars, 

g  and  hj  fitted  on  the  spindle,  one  on  each  side  the  step,  cause  the  spindle 

to  accompany  the  long  screw>  either  backward  or  forward,  when  moved  by 
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luming  the  nut  e,  the  rotative  motion  of  the  EpinillE  going  on  tX  tile  s 
tilni.-  if  required;  i  uid  k  ire  two  steps  or  ^idc^  fixed  on  the  c 
framing  I)  nad  C,  tliroagb  which  the  spindles  may  pau  und  repan,  ind  in 
which  It  also  revolvesi  Tis  a  cMTier  of  the  same  description,  filed  on  t!it  J 
croM  ff»ininff  A,  througli  which  the  lon^  icrew  may  paM  and  repass,  hut^ 
without  revolving.  F^st  upon,  and  projecting'  from  tlie  liead-jHece  /,  anAj 
cotHrquentlv  acco>npanpiti£  the  lonp  screw  and  spicdle  in  the  sliding  moi-e^^ 
meni,  (see  the  side  ricw,  tig.  483,)  is  the  ton^eTn,  the  end  or  point  ofwhiefc  i' 
is  fitted  to  pass  along'  durinfr  that  )norem«nt  in  a  (lot  in  llic  nil  n,  liieil  ' 
parallel  vitb  the  long-  screw  aikd  ipindlc,  between  Uie  two  crosi  bearen  A 
and  B. 

The  object  of  this  contrivance  is  to  prevent  the  spindU,  * 
(one  end  of  which,  as  has  been  shown,  revolves  within  the 
head-piece  of  the  long  screw,)  from  carrying  round  the  screw 
along  with  it,  and  to  keep  the  screw  and  its  head-piece  at  all 
times  steady,  and  in  a  direct  line  with  the  spindle.  For  the^ 
purpose  of  keeping  the  long  screw  stationary  in  the  situation 
to  which  it  may  have  been  last  set,  the  pull  of  the  strand  on  the 
hook,  (by  pressing  and  abutting  the  screw-nut  e  aguinst  the 
back  of  the  carrier  /,)  will  always  be  found  to  be  sufficient, 
The  diameter  of  the  cylinder  F  may  be  about  two  feet,  and 
that  of  each  of  the  four  pinions  1,  2,  3,  4,  about  one  foot, 
more  or  less,  according  to  the  speed  desired,  and  the  discre-' 
tion  of  the  mechanic.  The  pitch  of  their  teeth  should  be  the' 
same  as  that  of  the  teeth  of  the  cylinder.  The  length  of  the 
cylinder  should  at  least  be  equal  to  the  greatest  difference  or 
inequality  of  length  ever  likely  to  take  place  between  the 
slackest  strand  and  the  tightest  strand  intended  for  the  same 
rope,  previous  to,  or  during,  the  operation  of  hardening,  when 
they  are  both  brought  to  an  equal  tension  by  tempering 
according  to  this  method.  The  inequality  of  length,  or,  in 
other  words,  of  tension,  which  takes  place  in  the  strands 
during  the  processof  hardening  them, is  generally  found  tobtf 
in  proportion  to  their  circumference,  and  is  more  in  a  set  of 
the  large  strands  than  in  the  small.  In  rope-walks,  therefore, 
where  cordage  of  the  largest  size  is  manufactured  for  the  use 
of  his  Majesty's  navy,  the  length  of  this  cylinder  should  not 
be  less  than  four  feet;  but  Mr.  Duncan  has  found,'  by  expe- 
rience, in  manufacturing  cordage  for  merchantmen  of  the 
greatest  burthen,  that  few  cases  occurred  where  it  was  requi- 
site for  the  length  to  be  more  than  three  feet.  In  rope-walks 
where  cordage  on  the  common  principle  is  manufactured,  some 
additional  length  is  necessary.  Each  of  the  four  pinions  is 
fastened  upon  the  middle  of  the  length  of  its  strand-hook 
spindle.  Supposing,  therefore,  that  the  pinion  2  should  be  set 
so  as  to  be  exactly  at  one  end  of  the  cylinder  next  to  the  cross 
framing  B,  it  must  be  enabled  to  slide  along  to  the  opposite 
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end  next  the  cross  framing  C,  and  also  back  again  to  B ;  for 
this  purpose  the  spindle  must  always  be  kept  in  its  steps  or 
carriers,  i  and  ^,  wnich  support  it,  and  in  which  it  both  slides 
and  revolves,  and  therefore  it  requires  to  be  double  the  length 
of  the  cylinder,  besides  an  additional  length  equal  to  the  spaces 
in  its  passage  occupied  by  the  necessary  steps,  framing,  clear- 
ances, &c.  The  length  of  the  long  screw  G  H,  and  of  the  rail 
7?,  are  each  the  length  of  the  cylinder,  and  correspond  with, 
or  arc  a  few  inches  longer  than  the  sliding  distance,  to  allow 
for  steps,  &c.  as  above.  It  has  been  shown,  that  the  cylinder 
drives  the  four  strand-hook  spindles,  and  that  any  one  of  them 
can  be  moved,  by  means  of  its  screw,  either  backward  or  for- 
ward, without  interrupting  its  own  rotatory  motion,  or  the  ro* 
tatory  motion  of  any  of  the  others ;  the  teeth  of  the  pinions 
being  for  this  purpose  kept  in  geer  with,  while  at  the  same 
time  they  are  made  to  slide  along  between,  the  teeth,  or  in  the 
flutings  of  the  cylinder. 

Suppose,  then,  that  the  strands  are  attached  to  their  respec- 
tive hooks,  and  the  pinions  set  so  as  to  be  all  at  an  equal  dis- 
tance from  each  end  of  the  cylinder,  and  all  the  strand-hook 
spindles  going  round,  twisting  and  hardening  the  strands,  the 
operation  of  tempering  is  performed  merely  by  turning  round, 
by  hand,  as  often  as  required,  any  one  or  more  of  the  screw- 
nuts  either  way  about,  as  the  case  or  cases  may  require,  ac- 
cording as  any  one  or  more  of  the  strands  require  slackening 
or  tightening  for  bringing  them  all  to  an  equal  tension.  Thus, 
in  order  to  slacken  a  tight  strand,  its  hook  must  be  advanced 
forward  further  from  the  front  of  the  framing  C  ;  and  in  order 
to  tighten  a  slack  strand,  its  hook  must  be  drawn  in,  towards 
the  framing. 

Fig.  484  is  a  side  view,  representing  some  variation  in  the  macliinciy  for 
effecting'  tlic  sliding  movement  of  the  strand-hook  spindles  on  tlic  same 
principle,  and  answering  the  same  purposes,  as  the  plan  in  fig.  481,  already 
descrihed.  After  the  full  discriptions  and  explanations  already  given,  a 
very  short  account  will  he  sufHcient  to  make  this  fully  understood:  6  is  a 
strand-hook  spindle,  similar  to  those  in  fig.  481,  excepting  that  the  pinion 
2  is  not  made  fast  upon  it,  because  it  lias  to  pass  or  sUde  through  the  axle 
hole  of  the  pinion.  In  order  that  the  spindle  may  at  the  same  time  re- 
volve with  the  pinion,  the  slot  10  is  cut  upon  one  side  of  the  spindle, 
(the  length  of  the  slot  being  the  sliding  distance,)  which  slot  receives  a 
feather  or  key  in  the  axle  hole  of  the  pinion,  through  which  the  slotted 
part  of  the  spindle  is  to  pass  and  repass,  as  occasion  may  require,  the  feather 
always  remaining  in  the  slot  to  carry  round  and  give  tlie  rotatory  or  twist- 
ing motion  to  the  spindle.  The  parts /,/j^,  and  h  are  exactly  the  same  as  the 
parts  which  have  the  sumc  characters  in  fig.  481.  I  is  a  rack,  (to  answer  the 
same  purpose  as  the  long  screw  in  fig.  481,)  which  the  pinion  o,  by  means  of 
the  handle^,  moves  either  backwanl  or  forward.  The  ratchet-wheel,  q,  and 
its  catch,  hold  the  rack  and  pinion  stationary-  in  the  situation  to  which  they 
may  be  set-,  1 1  and  k  are  the  steps  in  which  the  spindle  revolves,  and  through 
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whicb  it  also  didesi  r  r  are  two  ringt  or  wuhi^rs,  iooie  tipvn  tlie  i^liuDr,  ht- 
Ween  i he  steps  ii  and  the  pinion  3,  intciiiicij  10i}iulity  IhilfticUon  during 
both  the  sliding  and  the  rotator;'  operation  of  tbc  Npintflci  >  is  a  gtiiile  or 
*tcp  for  the  rack  to  slide  in,  miide  square  at  the  botlotn,  uliich  rei<den 
tlic  lotipir  and  slot,  chown  in  fig.  48J,  unntct"Mrj'.  Tliir  wh<-ei  K,  ncn- 
ing  motion  from  inyeitemiilmichiiiirv',  drivesthe  pinion  I.  Cliange  wheels.  , 
for  vaiying  rhe  motion,  may  be  applied  to  this  melliod  In  Uie  utoe  «r»v  m  in 

From  what  has  already  been  Jescribed,  it  will  appear,  thai 
tile  strand-hook  spindle  may,  by  means  of  the  ruck  I  xad 
pinion  e,  be  drawn  or  slided  either  backward  or  forward, 
through  its  pinion  2,  without  interrupting  its  rotatory  nsotion; 
the  pinion  2  always  keeping  in  gcer  with  the  wheel  K,  by  which 
it  is  driven,  and  which  latter  may  receive  its  motion  from 
any  external  machinery.  Referring,  therefore,  to  the  former 
description,  it  will  be  evident,  without  further  explanation,  by 
what  means  the  strands  are  to  be  tempered  by  this  variatiiHi  ■ 
in  the  machinery. 

The  reader  will  observe  that  there  are  two  principles  by* 
which  the  strands  of  cordage  may  be  tempered  or  brought  to 
an  equal  tension;  the  one  by  causing  any  one  or  more  of  the  ( 
strand-hook  spindles  either  to  advance  or  recede,  whereby  aa  • 
equal  tension  will  be  effected  without  one  spindle  making  moi*  J 
revolutions  than  another;  and  the  other,  that  of  causing  aoy 
one  or  more  of  the  strand-hook  spindles  to  be  at  rest  while 
the  others  are  revolving;  whereby  an  equal  tension  will  be 
effected  by  an  unequal  number  of  revolutions.  If  one  of 
these  two  principles  only  is  to  be  adopted,  Mr.  Duncan 
prefers  the  former,  as  being  generally  more  appropriate  and 
ciFectual.  Aa,  however,  it  sometimes  occurs  in  practice, 
that  the  application  of  the  one  principle,  sometimes  of 
the  other,  and  sometimes  of  both,  proves  to  be  the  moat 
proper  and  efFi  ctual  remedy,  Mr.  Dimcan  has  invented  a  still 
more  perfect  method,  by  which  either  or  both  of  the  prin- 
ciples may  be  practically  applied  id  one  set  of  machinery. 
This  object,  which  had  never,  we  believe,  been  before  accom- 
plished, is  effected  merely  by  applying  to  either  of  the  two 
varieties  of  machinery  before  described,  an  additional  appa- 
ratus, so-  that  all  kinds  of  cordage-strands  may  thereby  be 
tempered,  either  entirely,  by  the  principle  of"^  causing  sny 
one  or  more  of  the  stnmd-hook  spindles  to  advance  or 
recede ;  or  entirely,  by  causing  any  one  or  more  of  the 
strand-hook  spindles  to  be  at  rest  while  the  others  are 
revolving!  or  partly  by  the  one  and  partly  by  the  other, 
according  as  the  original  cause  occasioning  the  inequality  of 
tension  in  the.diflerent  strands  may  point  out;  the  whole,  or 
any  part,  of  tiw  pperatioiu  gcang  on^  cither  together  or  sepa- 
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rately,  as  may  be  found  convenient,  without  interruption  to 
each  other. 

Fig[.  485  is  a  plan  showing  the  additional  machinery  for  tempering,  by 
combining  the  two  principles  as  adapted  for  tlie  first  described  machinery,  re- 
presented in  iig.  481.  The  difference  between  the  machinety  of  fig.  481,  and 
that  of  fig.  485,  consists  chiefly  in  the  latter  having  its  pinion  2  loose  upon 
the  twisting  spindle  b,  but  confined  between  two  collars,  which  are  fast  upon 
the  spindle.  The  reason  of  the  pinion  running  on  a  loose  round  is,  that  it 
may  be  either  put  in  or  out  of  geer  with  the  spindle,  by  means  of  the  catch- 
box  t  and  lever  u.  The  catch-box  has  a  slot,  fitting  a  feather  on  the  spindle, 
in  order  that  it  may  revolve  with  it,  as  well  as  slide  in  or  out  of  geer,  when 
moved  by  the  lever.  The  ratchet-wheels  v  and  w  are  fast  upon  the  spindle, 
one  having  teeth  cut  the  reverse  of  the  other,  that  either  of  the  two  palls  x 
and  y  may,  when  tlie  spindle  is  thrown  out  of  geer  with  the  pinion,  prevent 
the  strands  from  untwisting,  as  otherwise  the  spindle  would  be  at  liberty  to 
be  acted  upon  by  the  force  of  twist  already  in  the  strand.  The  pall  ^  is  flat 
towards  the  point  for  holding  agaiiist  the  ratchet-wheel  w  for  a  right-hand 
twist,  and  the  pall  x  is  hooked  towards  its  point  for  holding  the  wheel  v  for 
a  lef^-hand  twist.  So  far,  this  apparatus  would  serve  the  purpose  either  of 
keeping  in  geer,  or  stopping  the  rotatory  motion  of  the  spindle,  provided  it 
were  not  also  required  to  perform  the  sliding  movement.  In  order,  therefore, 
to  complete  the  apparatus  for  both  these  purposes,  the  arm  r,  fastened  to 
the  claw  or  head-piece  /,  and  forming  one  piece  with  the  long  screw  G  H, 
stretches  alongside,  parallel  with  the  spindle,  so  that  its  other  end  is  nearly 
opposite  to  the  pinion,  where  it  .is  f\imished  with  two  ears,  having  each  an 
eye  or  ring,  7  and  7,  fitting  easy  upon  the  round  iron  rod  8;  which  rod  is 
fixed  parallel  with  the  spindle,  between  the  cross  framing  B  and  C.  The 
step  9,  on  the  cross  framing  B,  serves  as  a  guide  for  the  arm  z.  It  is  neces- 
sary that  the  distance  between  B  and  C  should  be  as  much  longer,  than  the 
distance  in  fig.  481,  as  the  length  taken  up  or  occupied  by  the  catch-box 
and  ratchet-wheels.  The  spindle  also  will  require  this  additional  length. 
The  arm  z,  during  the  sliding  movement,  has  to  conduct  with  it,  along  tlie 
rod  8,  the  lever  ti,  and  the  two  ratchet  palls  x  and  y,  the  rod  serving  them 
sdso  as  a  guide  during  the  sliding  movement,  and  at  all  times  as  an  axle. 
Though  the  pinion  2  is  always  in  geer  with,  and  carried  round  by,  the  cylin- 
der F,  fig.  481,  yet  the  spindle  only  goes  round  when  put  in  geer  with  the 
catch-box  by  the  lever;  therefore  the  rotatory  motion  of  the  spindle  may  at 
any  time,  and  for  any  space  of  time,  be  stopped,  for  the  purpose  of  causing 
the  twist  of  its  strand  to  cease,  while  at  the  same  time  the  other  strands  arc 
twisting  up.  Though  only  one  spindle  is  here  spoken  of,  it  is  evident  that 
oil  or  any  of  them  may,  from  being  furnished  with  the  apparatus  now  des- 
cribed, be  made  either  to  give,  or  cease  from  giving  twist,  while  any  one  or 
more  of  the  spindles  cither  may  or  may  not,  as  required,  be  performing  the 
sliding  movement. 

Fi^.  486  is  a  side  view,  showing  the  me^od  adapted  for  the  second 
described  machinery,  as  represented  in  fig.  484,  the  apparatus  in  this  case 
applying  to  the  narrow  wheel,  and  that  in  the  former  case  of  fig.  485,  apply- 
ing to  the  wide  wheel  or  cylinder  F.  The  difference  between  the  one  and 
the  other  is,  that  the  spindle  and  pinion  in  ^g,  485,  slide  together,  .as  in 
fig.  481,  whereas  in  the  figure  now  to  be  described  the  spindle  slides  through 
the  pinion,  as  in  fig.  484.  The  spindle  b  in  tliis  figure  is  similar  to  that  in 
fig.  484,  having  a  slot,  to  receive  a  feather,  which  is  fixed  in  the  catch-box  f. 
The  pinion  2,  which  is  always  in  geer  with  the  wheel  K,  is  fastened  on  the 
bush  11,  running  loose  upon  the  spindle  b.  This  bush,  being  furnished  with 
the  collar  12,  serves  by  means  of  its  revolving  in  tlie  cavity  13,  adjoining  the 
fltep  t,  to  keep  the  pinion  in  its  proper  place,  during  the  spindle's  sliding 
movement:  t  and  k  are  two  steps^  answenng  the  same  purpose  as  those  <3f 
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-''tottoMChothtf.  butnotfcul  «n  Uir  spiiiillp,  tuvint;  a  fcith*T.  fitiiiw  Dm 
"'  tlot  aTthe  Bpiiidlc,  in  on-k-p  tlwt  they  may  hoMit  fast  uticn (h'uwmi (Vj^tint 
mnd  th»t  it  may  pais  anil  rrpium  lliroiig^li  ilii-m  iliiriiig  Uik  sliiling  taoToucTL 
Theic  ntchvl-ieWel*  uc  Mrnialteid  wiUi  their  Iwa  paUh  ■*  aiul  y,  altnipdJicr  | 
tniwerin^  ^c  wmc  purpMC  m  tJio»c  detrnbcd  In  Ibo  fennu'  fig.  4U.  Hw 
Cfttcli-boi  <■  havinjr  aIm  a  fcatlier,  fiuing  tiie  slot,  u  fumubml  wilh  a  Urff. 
{dqi  xhotvn  'm  the  ngurr,)  aniwcring  the  wmc  purpmc  as  the  one  marked  ■>. 
in  fig.  V^S-y  but  to  (ttit  Iho  pnacAl  case,  it  wurkt  oii  *  stalioiMrT  ptvtti,  fttol 
til  the  f^aiiiig  of  tbe  lusmnc  The  two  mtchct  palti  also  work  oa  pim 
fixpil  to  the  fraininei  ftiul  tlieir  Wbtreln  o  anil  la,  bcioK  tVimiUiwl  wUE  the  nn 
or  fcnciiiir  14>  an:  Kept  alvayi  oiipoaitc  to  the  palli.  by  mean*  of  k  bn«kci, 
(ftxeil  to  the?  framing,  but  not  Mrtti  !n  thu  riifurc.)  UoUowcd  tuit  to  fccciT« 
the  rim.  It  will  be  evi■leIl^  from  whjki  bu  ker«  bc^en  siud,  that  the  «p«ntiM 
of  iniking  in  and  uul  offset  the-  rolalor)'  muilon  ofthcitpifulle  ta  pcribnstd 
exivtiy  in  the  same  manner,  and  alto  arwwcn  the  «ine  purpowa  ■•  thai 
dcicrihed  undpr  Kg,  ^S-.  and  tlut  the  ilidin;;  movement  ca  tltc  tpimQc  in 
both  ca*cs  is  performed  in  t}ie  nine  manner,  und  an^iwrni  the  lume  imrpot*. 
u  dNcribcd  under  li^  481  and  484,  cither  one  or  other  of  the  mdhodt. 
under  l^g>.  483  und  48(>,  cunibiaing  (he  two  principles  of  tempering  trttiMli 
III  ihu  maiiTicc  prcviouily  painted  uut. 

Though  in  the  first-described  machinery  ii  haa  been  shown, 
tliat  the  alidingmovemcnt  of  the  strand-hooks  may  be  effected 
by  means  of  a  male  and  female  screw,  and  in  the  sccoQil-  , 
described  machinerj-  by  that  of  a  rack  and  pinion,  yet  it  wrill 
he  seen,  that  either  means  may  with  equal  propriety  be  applied 
to  cither  machinery.  And  ^  Competent  mechanic,  fromwlol 
liHB  been  described,  vill  easily  perceive  that  any  other  pmrar, 
such  OS  that  of  a  lever,  weight,  or  rope  and  pulley,  or  one  or 
more  of  tliem  combined,  may  bi:  applied  tor  the  santc  purpose, 
though  ill  the  first  preference  be  given  to  the  screw,  and  in  the 
sext  to  the  rack. 

The  nest  part  of  the  invention  to  be  described  U  a 
new  method  of  regulating  both  the  backward  and  forward 
travelling  movements  of  any  sledge  or  other 'locomotive  ma- 
chine that  is  or  may  be  used  in  a  rope-walk.  The  back- 
ward movement  of  the  stranding-sledge,  or  the  retrograde 
movement  of  that  machine  towards  the  bottom  of  the  rope- 
walk  by  which  strands  are  drawn  out,  in  rope-walk's  where 
the  improved  or  patent  principle  of  rope-making  is  adopted, 
has  hitherto  been  effected  by  means  of  a  rope  applied  la 
different  ways  for  the  purpose.  In  some  cases-  the  rope  is 
made  to  haul  the  sledge  backwards,  by  fiisteiiing  one  end  of 
it  to  the  sledge,  and  the  other  round  the  capstan  or  barrel,  at 
the  bottom  ol'  tbc  r(ipi:-walfc;  and  in  other  cases  the  rope  is 
stretched  tight  along,  and  made  last  at  each  end  of  the  rope- 
walk,  and  two  or  more  doubles  or  bights  of  it  passing  round 
and  grasping  the  same  number  of  grooved  binding  ahecves 
in  the  sledge,  which  revolvt;  by  cqnoectioa  with  the  rotUtv*    | 
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motion  of  the  strand-hooks,  from  which  the  other  motions 
are  derived :  thus  the  sledge  works  itself  backwards  along 
the  rope. 

The  great  object  to  be  attained  in  regulating  this  backward 
motion  is,  to  cause  it  always  to  preserve  a  certain  speed  in  a 
given  ratio  with  that  of  the  rotative  motion,  in  order  that  the 
strands  may  always  receive  the  d'egree  and  uniform  distribution 
of  twist  intended.  But  in  whatever  way  a  rope  has  hitherto 
been  applied  for  that  purpose,  the  object  has  never  been 
effectually  attained,  nor  the  operation  conveniently  performed, 
because,  from  the  elasticity  and  specific  gravity  of  the  rope 
itself,  extended  along  the  whole  length  of  the  rope-walk,  it 
has  been  found  impossible  to  keep  it  accurately  stretched, 
and  equally  tight  from  one  end  to  the  other,  so  that  when  the 
slitdge  is  in  motion,  particularly  when  first  struck  into  geer^it 
pulls  up  the  slack  of  the  rope  from  the  bottom  of  the  rope- 
valk,  and  its  retrograde  motion  is  thus  retarded  in  proportion 
as  the  rope  may  stretch,  slip,  or  give  way. 

The  retrograde  motion  loses  therefore  its  relative  speed 
commensurate  with  that  of  the  rotative  motion  of  the  strand^ 
hooks,  which  have  in  the  mean  time,  without  interruption, 
continued  to  put  twist  into  the  strands.  Instances  are  not 
unfrequent  where  they  have  been  twisted  to  such  a  degree 
as  nearly  to  break  them  asunder  before  the  rope  could  be 
tightened  sufRciently  to  cause  the  sledge  to  move  on  at  its 
proper  speed  ;  and,  on  the  whole,  it  is  obvious,  that  by  the 
present  method  of  dniwing  out  the  strands,  they  can  neither 
receive  their  proportionate  twist  nor  the  distribution  of  it. 
The  labour  required  in  applying  the  rope  is  besides  extremely 
inconvenient  and  troublesome,  because  it  requires  to  be  first 
fixed  to  the  sledge,  or  round  its  binding  sheeves,  at  the  top 
of  the  rope-walk,  then  tightened,  and  afterward  disengaged 
at  the  bottom,  on  every  single  occasion  of  drawing  out  a 
strand  or  set  of  strands.  The  plan  also  is  expensive,  because 
the  constant  wear  and  tear  is  considerable,  and  requires  the 
rope  to  be  frequently  renewed.  An  iron  chain  may  indeed 
be  applied  for  the  purpose,  and  though  not  requiring  to  be  so 
frequently  renewed,  it  is  equally  objectionable  with  the  rope 
in  most  other  respects,  and  on  some  accounts  more  so.  The 
forward  movement  of  the  stranding,  topping,  and  dragging 
sledges,  is  that  slow  .progressive  movement  necessarily  re- 
quired towards  the  top  of  the  rope-walk  by  the  shortening  or 
shrinking  up  of  the  strands  in  twisting,  while  forming  on  the 
common  principle,  and  of  the  strands  and  cordage,  either 
common  or  patent,  whilst  hardening  and  topping.  It  will 
seadily  be  see^,  that  this  movement  should  also  be  uniformly 
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regular,  in  a  given  proportion  to  the  twisting  motion,  and 
that  the  travelling  distance  should  be  neither  more  nor  less 
than  the  length  the  strand  or  rope  ought  to  shrink  up.  Ac« 
cording  to  the  usual  method,  a  number  of  press  barrels  or 
weights  are  placed  on  the  stranding  or  topping  sledge,  or  on 
a  drag  sledge,  attached  to  their  tail  end,  to  serve  as  a  resist- 
ance against  the  pull  of  the  strand  or  rope  when  shrinking 
up.  But  as  the  quantity  of  weight  to  be  applied  is  to  be  varied 
and  proportioned  to  the  size  of  the  strand  or  rope,  and  degree 
of  twist  required,  and  as  the  friction  of  the  drag  on  the  ground 
is  greater  on  some  parts  than  on  others,  the  operation,  de- 
pending on  criterions  so  uncertain,  must  be  attended  with  a 
great  degree  of  irregularity,  both  with  regard  to  the  sledge 
sliding  faster  or  slower,  and  also  with  regard  to  the  whole 
length  to  which,  eventually,  it  may  be  dragged ;  thereby  oc- 
casioning a  proportionate  irregularity,  both  in  the  distribution 
and  total  quantity  of  twist  or  lay  in  the  strands  or  rope,  cor- 
responding with  their  length. 

The  object,  therefore,  of  this  invention,  with  regard  to  the 
backward  movement,  is,  to  cause  the  sledge,  or  any  other  loco- 
motive or  travelling  machine  used,  or  that  may  be  used,  in  a 
rope-walk,  to  travel  and  recede  down  the  walk  at  one  uniform 
speed,  such  as  shall  be  predetermined  as  proportionate  with 
the  rotatory  speed  of  the  twisting  hooks  of  the  machine,  so  as 
to  cause  the  twist  to  be  unilormly  regular  throughout  each 
operation.  And  the  object  ol  this  invention,  wiih  regard  to 
x\\c  forivard  movement,  is,  to  cause  the  sledge,  or  other  mov- 
able machine,  to  which  any  kind  of  strand  or  rope  may  be  at- 
tached, for  the  purpose  of  being  formed,  hardened,  or  laid,  to 
travel  slowly,  and  advance  up  the  walk,  during  the  operation, 
atone  uniform  predetermined  motion, and  precisely  the  length 
or  distance  assigned  to  it,  equal  to  that  which  the  strands  or 
rope  ought  to  shrink  up  in  tlie  operation. 

Having  stated  the  object  of  this  part  of  the  invention, 
we  shall  now  proceed  to  show  that  the  nature  and  funda- 
mental principle  of  it,  and  the  means  for  accurately  and 
conveniently  attaining  all  the  objects  in  view,  both  with 
regard  to  the  backward  and  forw^ard  movement,  consist  in  a 
rack,  or  rack-way,  of  cast-iron,  or  other  suitable  material, 
laid  down  and  fixed  upon  and  along  the  rope-walk,  from  one 
end  of  it  to  the  other,  parallel  with  a  railway,  upon  which 
the  stranding  sledge,  or  any  other  sledge  or  locomotive 
machine,  is  to  travel.  The  teeth  of  the  rack-way  are  of  the 
same  pitch  as  the  teeth  of  a  wheel  whose  axle  is  in  the 
machine.  The  motion  of  this  wheel  being  given  and 
governed  by  the  other  motions  in  the  machine  which  turn  the 
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twisting  hooks,  the  travelling  speed  of  the  machine,  whether 
working  backward  or  forward,  becomes  at  all  times  uniform, 
and  in  a  given  certain  ratio,  with  the  speed  of  its  twisting 
motion  ;  for  the  whole  machinery  being  composed  of  geer  and 
toothed  work,  no  part  of  it  is  liable  to  slip  or  yield.  The  re- 
quired speeds,  both  of  travelling  and  twisting  motions,  are 
adjustable  by  change  wheels,  to  suit  each  other  in  that  ma- 
chine, as  well  as  in  any  other  machine  or  machines  that  may 
be  employed  in  one  and  the  same  operation.  The  whole  ma- 
chinery may  be  driven  by  an  endless  rope,  receiving  its  mo- 
tion from  external  machinery  at  the  top  of  the  rope-walk,  or 
by  any  other  means  in  use  for  driving  locomotive  machinery; 
for,  we  need  scarcely  observe,  that  it  is  not  necessary,  for  the 
purpose  of  producing  accurate  work,  that  the  motion  which 
governs  all  the  others  should  be  uniform,  because,  whether 
the  original  motion  be  quicker  or  slower  at  one  time  than  an- 
other during  the  operation,  the  motions  dependant  on  it  will 
still  keep  their  proportionate  speed.  The  only  difference  will 
be  in  the  time  in  which  the  work  may  be  finished.  We  have 
mentioned  the  particular  cases  in  which  this  part  of  the  in- 
vention is  more  essentially  useful ;  but  Mr.  Duncan  claims  the 
application  of  the  rack,  in  manner  described,  as  an  invention 
subservient  to  every  purpose,  in  any  stage  or  process  of  rope- 
making,  for  which  regularity  of  travelling  motion  to  any  ma- 
chine, either  backward  or  forward,  in  a  rope-walk  or  else- 
where, may  be  required. 

In  that  part  of  the  (Irawingf  entitled  **  Backward  and  Forward  Movement," 
fig.  487  represents  the  side  \'icw  of  u  travelling  sledgfe,  or  locomotive  machine^ 
of  the  description,  and  for  the  purposes  referred  to,  moving  on  the  railway 
M  M.  A  B  is  a  side  view  of  the  rack-way  laid  down  and  fixed  on  the  wood 
sleeper  N  N,  or  other  suitahle  material,  supposed  as  extending*  from  tlie  top 
to  the  bottom  of  the  rope-rround.  This  machine  is  represented  as  driven  by 
the  endless  rope  O;;  13  and  14  arc  two  g^idc  pullies,  to  conduct  the  rope  in 
going  on  and  coming  off  the  large  sheeve  or  grooved  wheel  P,  round  which 
that  rope,  (driven  by  external  machinen',  and  running  from  top  to  bottom  of 
the  rope-gfround,)  passes,  by  which  the  first  movement  in  the  sledge  is  given. 
This  sheeve,  giving  motion  to  the  spindle  or  shah  Q,  and  being  coupled  with 
the  shaft  U,  tunis  the  pinion  1,  which  drives  the  pinion  2,  upon  whose  shaft, 
S,  is  the  small  bevel-wheel  3,  driving  the  large  bevcl-whecl  4,  upon  whose 
shafl  again  is  the  spur-wheel  5,  driving  the  other  wheel  6;  which  last  wheel 
works  in  the  rack-way.  This  wheel  is  not  fast  upon  its  shaft,  being  capa1)le 
of  sliding  thereon,  for  the  purpose  of  being  put  in  and  out  of  goer  with  the 
rack  by  means  of  the  lever  T.  The  machine  travels  on  the  railway  on  four 
truck-wheels:  the  two  shown  in  this  figure  are  marked  7.  The  pinions  1  and 
2  are  changeable,  to  suit  the  different  travelling  speeds  requireu. 

So  far  as  has  been  now  described  refers  only  to  the  backward  movement 
of  the  machine;  which  movement,  it  must  be  understood,  is  in  the  direction 
along  tlie  rack-wa^-,  as  from  A  towards  B.  The  contrary*,  or  fartvard^  movei 
ment  is  of  course  m  the  direction  from  B  towards  A,  and  i:s  eflected  by  giving 
a  revene  turn  to  tlie  wheel  6,  which  works  in  the  rack-way.  The  necessary 
machhieTy  for  this  purpose  is  the  sxmdl  pinion  8,  on  the  shaft  Q,  driving  the 
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whtti  9,  on  Ihc  iliaft  V;  which  Lut  shiA,  nu!  Ae  one  coupled  wiUi  !f,  W, 

lie  parallel  with,  ami  extend  to,  tlic  ciiil  at  the  shifl  It,  in  ordci  ihat  tlir 

pSiiiun  111,  liicdonthe  end  of  IV,  may,  when  rtquircd,  wort  in  the  |>iTiliiti3-  Tlur 

•hart  8  then  becomes  ernnmon  to  both  (lie  pinions  1  and  tO,  and  may.  u  n- 

quiri^d,  be  drivc^n  by  cidicr  Ihe  one  or  the  other,  the  'piiuon  I  htxnjf  for  the 

Sftckwurd  movement,  and  ibc  pinion  10  for  the  forwird  morcmeni,  one  nt 

^em  tllL-rcforc  muA  be  oiil  oTgcer  whili?  the  other  is  in  gret.     The  figure 

lIlowBlhL-  pinion  10  »  out  of  p:er.  BulsUtfposingitta  be  in  geeraritli^,  and 

I  lh«  pinion  1  nut  of  ^eer  with  it,  the  etteeX  is,  that  a  contran'  motinn  is  given 

t,t*  the  u'hect  6,  tttiicU  worlu  in  the  nck-way,  by  meins  of  the  interrenine 

l^wiicc^  ti,  4,  and  5,  before  described.    The  iwlslini;  motions  of  this  muchine 

Irsre  priHluccd  by  the  3haif\  H  heine  continued  to  the  front  of  the  muchine. 

t'wbcrc  the  wheel  11,  Dfi  the  end  of  the  shaft,  drives  the  eDiintw'o-hcel  12, 

k  ftotu  whence  the  required  degree  of  s^eod  is  ^ven  to  the  turisting'^ooVt. 

[  Vram  what  hu  been  before  described,  it  will  be  seen  that  the  baUiwanl  and 

V*fi>r*cN4  tnolioni  of  the  machine  are  produced  by  tueans  nf  tlie  wheel  6  wurk- 

'  Sag'  ill  Uie  rack-woy  cither  way  about  as  required.    As,  therefore,  any  predc- 

''I'tennined  quantity  of  twist  may  be  given  by  means  of  the  chanp:  wbeela  H 

Ind  13,  whilst  It  the  same  time  the  machine  may  be  maile  to  travel  at  zny 

gH-L-n  prcdelcrmiiied  uneed,  either  Imckwaid  or  IbrvtinI,  hy  means  of  the 

rhnii^e  wliccis  I,  3,  ana  lOi  aikd  u  tlie  twining',  as  wait  talhe  invelling  mo- 

■  'tions  arc  driven  by  one  and  the  tame  impulse,  originating  in  the  machine  at 

Kllli!  grooved  wheel  Pi  they  must  always  prcscn'o  a  relative  sp'ced  to  each 

Bother  in  such  proportion  as  may  be  assifpied  to  them.     A  forked  lever,  cl»p- 

f  Inron  the  catch-box  IS,  ttrvcs  either  to  put  inorout  ofgcer  all  themobotiv 

f  ofthc  machine,  excepting  that  of  the  pmovcd  wheel  P. 

y\g.  488  is  a  view  of  the  back  end  of  t^e  same  nuicliine,  showing  as  much 
of  the  machinery  as  is  necessary  for  understanding  it.  The  same  character 
of  reference  used  in  fig.  1  denote  the  tauie  parts  in  this. 

Pig.  3  it  a  ptaii  of  pnrt  of  the  nek-way.  A  is  tilt  nek;  and  N  N  U  the  wood 
sleeper  upon  which  it  is  fastened.  The  forward  motion  of  the  sledge  is  a  re- 
murtably  slow  movement;  the  speed  of  the  wheel  6  therefore  requires  to  be 
considerably  reduced.  The  wheels  shown  in  the  ligtires  will  not  reituee  the 
potion  sufficiently  slow  to  suit  eVeiy  possible  occasion;  but  cnouj^h  is  shown 
to  enable  a  mechanic  readily  to  produce  any  degree  of  motion  tliat  may  be 
required. 

All  or  any  part  ofthc  machinery  which  we  have  descr'ihcd 
may  be  driven  by  the  power  of  steam,  water,  wind,  or  anicnaU. 

In  the  courscof  describing  the  different  machincB,  and  their 
component  parts,  adapted  for  the  various  purposes  of  the  io- 
yeniion,  we  have  seldom  taken  notice  either  of  their  dimen- 
sions or  of  the  materials  of  which  they  may  be  made,  because 
no  fixed  rules  can  be  given  :  but  any  competent  mechanic,  from 
what  we  have  shown,  will  be  enabled  to  3.ppiy  such  sizes,  and 
use  such  materials,  as  may  be  suited  and  proportioned  to  the 
nature  and  design  of  each  machine,  and  to  the  power  which 
is  to  drive  it,  particularly  when  we  add,  that  the  figures  in  the 
plates  marked  "Tempering,  and  Backward  and  Forward 
Movements,"  are  matle  out  on  a  scale  |  of  an  inch  to  n  foot, 
and  that  the  dimensions  there  given  are  such  as  may  with  ef- 
fect be  applied  in  practice. 

END  OF  VOL.  I. 
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